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Food from restaurants and produce farms can be vectors that cause foodborne illnesses. 
U.S. Virgin Islands experienced category five hurricanes Irma and Maria in September 2017.  
This resulted in the food businesses to be destroyed. Culturally appropriate food safety 
educational materials are needed in the U.S. Virgin Islands to ensure that food is produced and 
handled safely. This project’s purpose was to determine the top food safety educational needs of 
food handlers in the U.S. Virgin Islands and develop culturally appropriate extension materials to 
meet these needs. Focused interviews were conducted with 28 restaurant managers, 7 key 
informants and 14 produce farm managers, to identify the main food safety concerns. Interview 
questions for restaurants were based on the FDA’s Food Code, while those of produce growers 
were based on the FSMA Produce Safety Rule. Knowledge and behavior gaps in food and 
produce handling/ growing practices were coded into themes. Food safety education materials in 
the form of flip charts, posters, signs and brochures were developed and piloted to 21 persons 
representing restaurants, farms, and educators. These materials were evaluated for content, 
design and cultural appropriateness. Modifications were made to materials, final products printed 
and disseminated to restaurants and produce farms for second evaluation and use for food safety 
education. Six months later, a survey evaluating the impact of materials on food and produce 
handling and growing practices was conducted with eleven restaurant managers and eleven 
produce farm managers. Needs assessments revealed that the four food safety concerns in 
restaurants were inadequate hygiene and sanitation, time and temperature abuse of food, cross-
contamination, and low quality food, while the top food safety concerns on produce farms were: 
water quality, facility sanitation, hygiene and health of personnel, and insufficient employee food 
safety training. Feedback from evaluations revealed that materials could be used without major 
x 
modifications, however, picture illustrations needed to be altered for cultural appropriateness 
before the second evaluation. The final products were found culturally acceptable, easy to 
understand, and without need for modification. Food safety education materials had been used to 
train employees in both restaurants and produce farms. Behavioral changes among food handlers 
in restaurants were reported in aspects of personal hygiene, temperature control of food, 
prevention of cross-contamination, as well as improvement in cleaning and sanitizing. Produce 
farms increased frequency of handwashing, cleaning harvesting tools and harvesting containers, 
some farms started treating water, installed fences around produce fields, and increased the time 
interval between applying soil amendments and harvesting.  
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CHAPTER 1.    GENERAL INTRODUCTION  
Forty-eight million cases of foodborne illnesses are estimated to occur annually in the 
United States, and these account for 128,000 hospitalizations and 3,000 deaths (Scallan et al., 
2011). The food service industry, specifically its restaurants contains high risk areas for causing 
foodborne illness outbreaks. Dewey-Mattia et al., (2018) report that from 2009 to 2015, 
restaurants contributed 61% to foodborne illness outbreaks in the United States. Fresh fruits and 
vegetables are also common vehicles for human pathogens in foodborne disease outbreaks. Fresh 
produce caused 972 outbreaks that accounted for 34,674 illnesses, 2,315 hospitalizations and 72 
deaths in the United States between the years 1998 and 2013 (Bennett et al., 2018). Personnel on 
produce farms and at retail food establishments are responsible for direct and indirect 
contamination of food and produce during growing, harvesting, handling, storage, cooking, and 
serving.  
Through the Food Code, the United States’ Food and Drug Administration provides 
guidelines for safe food handling practices in retail and food service establishments. Guidelines 
are aimed at minimizing risks associated with using contaminated equipment, time and 
temperature abuse of food during cooking and holding, obtaining food from unsafe sources, 
cross-contamination and poor personal hygiene (FDA, 2013). By December 2017, the U.S. 
Virgin Islands (USVI) had adopted the Food Code version 2013 (FDA, 2017), but by the time 
this project started, no research had been done within its food service industry to identify and 
document potential food safety risks or to devise strategies and interventions to help key players 
to comply with food safety guidelines. 
Fresh produce growers are to abide by the requirements of the Food Safety 
Modernization Act (FSMA) Produce Safety Rule (PSR) requirements. The FSMA Produce 
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Safety Rule provides science based minimum requirements for growing, harvesting, packing, 
storage and distribution of fresh produce grown for human consumption (FDA, 2019). Produce 
growers are to minimize contamination from agricultural water, biological soil amendments of 
animal origin, wild and domestic animals, tools, equipment and buildings and farm workers 
(FDA, 2019). At the time of this project, the USVI were creating awareness about FSMA 
Produce Safety Rule to produce growers. Awareness involves education which equips farmers 
with the knowledge needed to appreciate the need and intentionally adopt required practices.  
This thesis describes a project for which the main goal was to empower the U.S. Virgin 
Islands’ food industry through food safety education. The project was done in three phases, 
starting with identification of major food safety concerns at retail food establishments and on 
produce farms in the USVI through a needs assessment, followed by development and evaluation 
of food safety education materials addressing concerns, and lastly assessing impact of education 
materials on produce growing and food handling practices on farms and restaurants respectively. 
The food safety education materials developed in the second phase of the project were in the 
form of printed training flip charts, posters, signs and brochures to be used during food safety 
training and to post on walls and/or to give to food handlers. These materials were evaluated in 
two rounds by educators and managers of retail food establishments and produce farms, to obtain 
feedback in order to guide modification into culturally acceptable finished products. This thesis 
and education materials are vital in improving food handlers’ knowledge of food safety and 
encouraging positive behavior change towards safe food handling and produce growing practices 
at retail food establishments and produce farms in the USVI. This will in turn reduce risks of 
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CHAPTER 2.    LITERATURE REVIEW  
U.S. Virgin Islands 
The U.S. Virgin Islands (USVI) is comprised of St. John, St. Thomas and St. Croix 
Islands and located within the Caribbean region. It is culturally diverse with different races 
including 76% African American, 15.7% White, and 17.5% identifying as Hispanic (VI Moving 
Center, 2017). More than fifty percent of the population is born outside the USVI, and most of 
these are born in the United States or other Caribbean Islands (VI Moving Center, 2017). 
Tourism is the main economic activity, in the USVI and the territory is among the top tourist 
destinations within the Caribbean (Spencer, 2019). The number of tourists had greatly reduced 
due to the hurricanes in 2017, but the number of overnight visitors increased by 50% from 2018 
to 2019 (Tuner, 2019). A large portion of the land especially on St. John is reserved as a U.S. 
National Park and little is dedicated to agriculture. The USVI imports about 97% of food for 
residents from the United States and other neighboring Islands (Eileen, 2017; Walters et al., 
2016), and control over what they receive is limited.  
According to the Economic Census of 2012, the accommodation and food service sector 
had 327 establishments that made 9% of the total establishments (Clements et al., 2016). This 
sector also employs the largest number of people (n=6864) (Census Bureau 2020). The USVI has 
full service and fast food restaurants that serve a variety of food types including continental, 
West Indian, French, Italian, Greek, Asian, Mexican, fast food, European and vegetarian food 
(U.S Virgin Islands, 2018). The USVI adopted the 2013 version of the Food Code (FDA, 2017), 
as guidelines for its retail and food service establishments to minimize contamination of food, 
and prevent foodborne illnesses. Compliance is monitored through inspections by the Virgin 
Islands Department of Health. Between 2009 and 2019, 76 inspections were conducted in the 
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food /cosmetics enterprises in the USVI, and 40 of these had citations issued following non-
compliance that would lead to biological hazards in food (FDA, 2019). Despite the food safety 
risks encountered during inspections, few outbreaks are documented. This can be explained by 
the fact that the USVI and the Caribbean lack a surveillance system therefore most of the 
outbreaks are not reported (Lee, 2017). Among the few that are reported include the 2012 
Norovirus outbreak that made 20 employees and 46 guests ill, at a hotel in the St. Thomas Island 
(Leshem et al., 2016). The USVI Department of Health requires that individuals working in the 
food service sector acquire a health card prior to working, as proof that they do not have any 
parasitic diseases. This is obtained after testing a stool sample (USVI Department of Health), and 
it is renewed annually. Since March 2019, the U.S. Virgin Islands Department of Health 
embarked on promoting food safety in retail food establishments by first educating restaurant 
owners and personnel on food safety risks encountered during inspections, and requiring that 
issues are resolved rather than paying a monetary fine for noncompliance (VI Consortium, 
2019). 
According to Agriculture Census of 2007 (USDA, 2009), it was reported that there were 
304 acres of harvested cropland in the USVI, and that 60 more acres of land had been dedicated 
to the growing of fruits and vegetables compared to the previous years. Farms obtained water 
from wells, and cisterns to run covered activities including irrigation. Most (87%) of the farms 
reported having less than $10,000 market value of their agriculture products (USDA, 2009). This 
information is likely to be different in the more recent agriculture census of 2017 when it is 
available due to the impacts of the hurricanes Irma and Maria of September 2017, which 
destroyed infrastructure, farms, and homes (Chowdhury et al., 2019). Jiang et al. (2020) reported 
that three months after the hurricanes, microbial tests on water in cisterns and runoff on the 
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streets within St. Thomas Island was positive for fecal indicator organisms that possibly resulted 
from flooded septic tanks. During the summer of 2019, another evaluation of microbial quality of 
400 household cisterns on St. John, St. Thomas and St. Croix Islands revealed that 4 in 5 cisterns 
were positive for E.coli and some of them had Salmonella in addition (VI Consortium, 2020). 
Good quality water continues to be a challenge for the USVI, and measures need to be taken to 
ensure that water is properly treated before it is used in activities that relate with food, especially 
fresh produce.  
The EARTH program is a global service learning program of Iowa State University, 
College of Agriculture and Life Sciences, and the Department of Horticulture and Global 
Resource Systems. The EARTH program is based on St. John Island, and it is actively involved 
in addressing education, waste management, and food related issues within the U.S. Virgin 
Islands. As part of the gradual recovery from the devastations caused by the hurricanes, the 
EARTH program and the University of the Virgin Islands formed a partnership to assist the food 
industry starting with restaurants and fresh produce farms as they get back on their feet. 
Emphasis was placed on food safety, as the consequences of negligence may greatly affect the 
people of the U.S. Virgin Islands and the tourism industry. Intervention provided was based on 
the FDA Food Code that had already been adopted as guidelines for safe food handling in retail 
and food service establishments. Produce farms were in their initial stages of getting awareness 
about the FSMA Produce Safety Rule, so the project’s intervention revolved are round the 
recommended practices. Given the condition of most farms after the hurricanes, it is likely that 
many would be exempt from the requirements of the Produce Safety Rule, nevertheless, we 
encourage that produce farms, regardless of size, engage in practices that prevent contamination 
of fresh produce.  
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Foodborne illness and foodborne disease outbreaks  
Foodborne illness 
Foodborne illness results from consuming food that has been contaminated with either 
biological, physical or chemical hazards. Biological hazards include bacteria, viruses, parasites, 
and toxins produced by these organisms. Physical hazards include foreign substances such as 
stones, finger nails, glass, and pieces of food contact surfaces, while chemical hazards include 
cleaning agents and pest control substances. Foodborne illnesses and outbreaks are most 
commonly caused by biological hazards especially bacteria (Lynch et al., 2006). The Centers for 
Disease Control and Prevention (CDC) (2019) highlight the top five foodborne pathogens as 
Norovirus, Salmonella, Clostridium perfringens, Campylobacter and Staphylococcus aureus, as 
these cause the highest number of illnesses. The less frequent foodborne pathogens are 
Clostridium botulinum, Listeria, Escherichia coli and Vibrio, however these are equally 
important as they account for the highest percentage of hospitalized cases and deaths when they 
occur (CDC, 2019). The other growing public health concern is food allergens. It is estimated 
that 10% of the adult population in the United States has a food allergy (Gupta et al., 2019). This 
fraction is likely to increase because food allergies have no cure and the population of children 
with food allergies is increasing (Jackson et al., 2013). The major eight allergen foods 
recognized by the U.S Food and Drug Administration are peanuts, tree nuts, eggs, milk, soy 
bean, wheat, fish and crustacean shell fish. Labelling of foods containing any of these allergen 
foods in whatever form was made mandatory by the FDA starting the year 2006, through the 
Food Allergen Labelling and Consumer Protection Act of 2004 (FDA, 2018). 
Foodborne illnesses cause a variety of symptoms including vomiting, diarrhea, stomach 
cramps, fever and nausea (CDC, 2019) which may vary with pathogen. Food allergens on the 
other hand cause symptoms such as hives, skin rash, tingling in the mouth, swelling of the face, 
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tongue or lips and coughing (FDA, 2018). Under severe conditions, a life-threatening reaction 
referred to as anaphylaxis can occur. The affected individual has constricted airways in the lungs, 
their blood pressure decreases, and they suffocate from swelling of the throat (FDA, 2018). 
People at risk of suffering from foodborne illness are the young children, older adults, pregnant 
women and people with compromised immune systems due to chronic illnesses (CDC, 2019).  
Prevalence of foodborne disease outbreaks in restaurants 
A foodborne disease outbreak is said to occur when two or more individuals get sick 
from eating the same contaminated food. A surveillance of foodborne disease outbreaks in the 
United States between 2009 and 2015 revealed that food from restaurants contributed the most 
(61%) to foodborne disease outbreaks, of which sit-down dining style restaurants were the most 
(48%) implicated (Dewey-Mattia et al., 2018). Angelo et al., (2017) describe some of the 
characteristics of restaurant associated outbreaks reported to the Centers for Disease Control and 
Prevention between 1998 and 2013. Restaurants accounted for 9,788 (56%) foodborne disease 
outbreaks, also occurring mostly in sit-down style restaurants. The most implicated foods 
causing at least 5% of the outbreaks were fish (n=387, 22%), beef (n=314, 18%), chicken 
(n=239, 13%), mollusks (n=147, 8%), grains/beans (n=108, 6%), vegetable row crops (n=97, 
6%), pork (n=94, 5%) and eggs (n=85, 5%). These outbreaks resulted in 1532, 2831, 2274, 786, 
602, 3378, 1173, and 1770 illnesses, respectively. It is worth noting that vegetable row crops 
causing relatively fewer outbreaks, also caused the largest number of illnesses (3378), followed 
by beef (n=2831). The top five pathogens in the outbreaks were Norovirus (n=2603, 47%), 
Salmonella enterica (n=821, 15%), Staphylococcus aureus enterotoxin (n=361, 6%), Clostridium 
perfringens (n=363, 7%) and Bacillus cereus (n=345, 6%). Food workers were implicated in 
2344 (24%) of these outbreaks, and most frequently with Norovirus, Salmonella enterica, and 
Staphylococcus aureus enterotoxin. Between 2014 and 2016, 404 outbreaks in retail 
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establishments were also reported to the National Environmental Assessment Reporting System 
by 16 State and local public health departments (Lipcsei et al., 2019). Just as seen in other 
surveillance reports (Dewey-Mattia et al., 2018; Angelo et al., 2017), Norovirus caused the 
largest number of outbreaks. In April 2012, a Norovirus outbreak made 20 employees and 46 
guests sick in a hotel resort on St. Thomas USVI, (Leshem et al., 2016), and it is likely that the 
Norovirus quickly spread from the employees to the guests. Most of the foodborne illnesses go 
unreported in the Caribbean due to lack of surveillance system (Lee, 2017), an issue that led to 
the development of the Tourism and Health Program in 2016, that was aimed at improving 
surveillance with tourism and health threats among Caribbean countries (Indar et al., 2018).  
Outbreaks in retail food establishments are attributed to poor hygiene, unintentional 
cross-contamination, bare-hand contact and gloved hand contact by food workers, time and 
temperature abuse during cooking, cooling and holding of temperature control for safety (TCS) 
foods, and other underlying barriers (Angelo et al., 2017; Gould et al 2013; Dewey-Mattia et al., 
2018; Lipcsei et al., 2019). These and similar violations are usually encountered in inspection 
reports of restaurants where outbreaks later occur (Hedberg et al., 2006; Petran et al., 2012). The 
occurrence of foodborne disease outbreaks in restaurants has also been linked to ambient 
temperatures, whereby more fresh food such as salads and smoothies is consumed during hot 
climates, which also favor multiplication of pathogens (Mun, 2020). Since most contamination 
revolves around food handlers’ actions or inactions, restaurant workers are therefore a good 
target for interventions intended for preventing foodborne illnesses from restaurants. 
Foodborne disease outbreaks associated with fresh produce 
Fresh produce is increasingly associated with foodborne disease outbreaks, providing 
evidence that it provides optimal conditions for growth and multiplication of pathogens 
(Sivapalasingam et al., 2004). In fact, fresh produce was found to contribute 13% (n=49) to 
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multistate foodborne outbreaks between 2004 and 2012 in the United States (Callejón et al., 
2015), and 85 multistate outbreaks caused by Listeria monocytogenes, Escherichia coli and 
Salmonella enterica were reported to occur between 2010 and 2017 (Carstens, 2019). Bennett et 
al., (2018) also reported that there were 972 outbreaks associated with fresh produce that 
accounted for 34674 illnesses, 2315 hospitalizations and 72 deaths in the United States from 
1998 to 2013. The major categories of produce contributing to foodborne outbreaks from 1998 to 
2013 were vegetable row crops (n=235) including leafy vegetables such as romaine lettuce, leaf 
lettuce, iceberg lettuce, cabbage, spinach, scallions, mesclun mix, kale and arugula, stem 
vegetables and flowers, fruits (n=216) including melons, small fruits, pome fruits, subtropical 
fruits, tropical fruits, stone fruits, seeded vegetables(n=66) including solanaceous vegetables, 
vine grown vegetables, legumes and sprouts(n=42). These outbreaks accounted for 7518 
(vegetable row crops), 8676 (fruits), 5854 (seeded vegetables), and 1434 (sprouts) illnesses 
respectively. It is also worth mentioning that despite the fact that vegetable row crops cause the 
highest number of outbreaks (n=235), fruits account for the highest number of illnesses (n=8676) 
and deaths (Bennett et al., 2018). This raises questions about whether more people consume fruit 
therefore more become sick in case of an outbreak, and/or whether fruits harbor more harmful 
pathogens. Findings by Bennett et al., (2018) are consistent with Sapers and Doyle (2014), who 
also reported that green salads, lettuce and other leafy greens accounted for the most fresh 
produce related outbreaks from year 2003 to 2010. Herman et al., (2015) also found that from 
1973 to 2012, outbreaks associated with leafy vegetables were larger than those associated with 




Bennett et al., (2018) explain that the main causative agents encountered in produce 
outbreaks from 1998 to 2013 were viruses (n=439), bacteria (n=293), chemical and toxins (n=27) 
and parasites (n=19). Of these, bacteria cause the highest number of illnesses (16578), 
hospitalizations (n=2023) and deaths (n=67), followed by viruses which caused 13835 illnesses, 
158 hospitalizations and 2 deaths. Salmonella enterica (n=167), Escherichia coli-shiga toxin-
producing (n=74), Shigella (n=17) and Campylobacter (n=16) are the major bacteria that caused 
outbreaks. It should be noted that despite the fact that Listeria monocytogenes caused a relatively 
lower number of outbreaks (n=4) and illnesses (n=183), 95% (173) of its victims became 
hospitalized, and it contributed the most deaths (54%, n=39) compared to other bacteria 
encountered in fresh produce. Outbreaks caused by shiga toxin producing E.coli are rampant in 
sprouted seeds, salads, and leaf greens, where they were reported to occur 35 times between 
1995 and 2018 (Kintz et al, 2019). The onset of these outbreaks was common in the summer and 
fall months of June, September and October (Kintz et al, 2019), an observation that could be 
associated with warm season that supports microbial growth and multiplication, and rain fall 
events that cause runoff and splash soil to field grown produce.  
Viruses which caused the largest number of outbreaks, ranked second in causing illnesses 
(n=13835) and hospitalizations (n=158) that led to two deaths (Bennett et al., 2018). Norovirus 
and Hepatitis are the major viruses identified in outbreaks. Pre-harvest contamination of produce 
is attributed to contaminated soil amendments and irrigation water, while infected food handlers 
are the main source of contamination during harvest and postharvest activities (Li et al., 2015), 
where transmission is mostly through the fecal-oral route. These causes were consistent with 
Sapers and Doyle (2014) and Herman et al. (2015)’s findings between 2003 and 2010, and 
between 1973 and 2012. Since viruses cannot be controlled through maintaining a cold chain and 
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can only multiply inside a host (Baert et al., 2009; Carter, 2005; Koopmans and Duizer, 2004) 
their spread is minimized by restricting infected personnel from working with covered produce 
or engaging in covered activities. Although outbreaks due to parasite rarely occur, the most 
common parasites known to cause outbreaks are Cryptosporidium, Giardia, and Cyclospora 
(McDaniel and Jadeja, 2019). Cyclospora was the culprit for the 2019 multistate outbreak linked 
to imported produce that sickened several people (CDC, 2019), and another outbreak in 2018 
with fresh vegetable trays that made 250 people sick (Casillas et al., 2018). 
Food service industry 
Introduction  
The food service industry comprises of businesses involved in preparing and serving 
meals and snacks for immediate consumption away from home. These include restaurants, 
mobile food trucks, institution cafeterias, and fast food outlets. The Economic Census of 2012 
stated that the U.S. Virgin Islands (USVI) had 327 accommodation and food service 
establishments, which made 9% of total establishments reported (Clements et al., 2016). The 
USVI has full service and fast food restaurants all serving a variety of food types including 
continental, West Indian, French, Italian, Greek, Asian, Mexican, fast food, European and 
vegetarian (U.S Virgin Islands, 2018). In the United States, the amount of time spent on food 
preparation at home continues to decrease as people opt for more convenient food away from 
home (Saksena et al., 2018). This increasing trend is associated with the consumers’ risk of 
contracting foodborne illnesses (Angulo et al., 2006). Described below are restaurants, grocery 
store ready-to-eat meals section, soup kitchens and street food, and the risks of foodborne 




The USVI restaurants use a variety of cuisines and serve ready-to-eat meals prepared 
from different kinds of food, including fresh produce, fresh meats, poultry, seafood, eggs, and 
prepackaged ready-to-eat food such as drinks, chips and bread among others (U.S Virgin Islands, 
2018). These different foods have variable risks of contamination and the potential to cause 
foodborne illnesses. Prepackaged ready-to-eat food have the lowest risk due to little to no 
handling required, while fresh foods and those prepared from the establishments, have the 
highest risk due to extensive handling involved during preparation and cooking. These highly 
risky foods are referred to as potentially hazardous foods or temperature controlled for safety 
(TCS) foods. Inappropriate handling of such foods can promote multiplication of pathogens, and 
contamination of other surfaces and foods. Restaurants therefore have the responsibility of 
ensuring that they do not put consumers’ health at risk. They therefore ought to recognize the 
major risk factors and employ practices that reduce them.  
Risk factors for contamination of food in restaurants 
The Food Code highlights and addresses the major risk factors contributing to foodborne 
illnesses in restaurants as contaminated equipment, food from unsafe sources, time and 
temperature abuse when holding and cooking, and poor personal hygiene and health (Oslen et 
al., 2000). These and other risk factors are described below. 
Contaminated equipment  
Contaminated equipment can be a source of pathogens to food through cross-
contamination (Mylius et al., 2007). The type of material from which the establishment’s walls, 
floors, ceilings, equipment and work surfaces are made greatly affects efficiency of cleaning and 
sanitizing procedures. Rough and porous surfaces such as unpolished wood and carpets have 
crevices or fibers that are not easily accessible during cleaning and sanitizing procedures (Rogers 
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et al., 2005; Wood et al., 2011). Sharp corners, dead ends, cracks and joints designed in 
equipment are conducive areas for formation of biofilms by bacteria, increasing survival of 
pathogens. Inefficiently cleaned surfaces may also retain traces of allergen foods, that will cross-
contaminate non-allergen food. The big eight allergen foods in the United States recognized by 
the FDA are milk, fish, crustacean shell fish, soya, wheat, eggs, tree nuts and peanuts. These 
foods contain proteins which trigger reactions by the body’s immune system. Sanitizing 
equipment and food contact surfaces, and using new instruments are food allergy management 
practices that can be used by restaurants, yet sometimes not implemented (Dupius et al., 2016). 
In addition to contaminated equipment, cross-contamination in retail food establishments results 
from bare hand contact of ready-to-eat food, gloved hand contact onto spice containers and 
handles of equipment, using inefficiently cleaned utensils during food preparation, and storing 
raw and ready-to-eat foods together.  
De Wit et al. (1979) examined the potential of cross-contamination during preparation of 
artificially contaminated frozen chickens in sixty kitchens. It was found that several objects can 
become contaminated during thawing and preparation of frozen chicken. Objects such as dish 
cloths, kitchen tables, cutting boards and the sink may still contain pathogens even after washing, 
and can potentially contaminate food during the next preparation. The FDA recommends that 
disposable paper towels or air dying are used instead of reusable cloths when drying washed 
hands and cleaned utensils in order to minimize the risk of accumulation of pathogens and 
transfer to food contact surfaces. The use of color coded cutting boards for different foods such 
as red for meats and green for produce and ready-to-eat foods is also intended to prevent cross-
contamination to foods that will not be cooked before consumption. In another study by 
Mohammed et al., (2018), it was found that restaurant food contacts surfaces (plates, spoons, 
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cutting boards and tables) can harbor harmful bacteria, some of which are resistant to antibiotics. 
Non-food contact surfaces like chairs, highchairs, booth seats, and booster seats in restaurants 
can also harbor pathogenic microorganisms (Patel, 2017). Extra attention is therefore needed 
when cleaning and sanitizing food contact surfaces in order to reduce food safety risks (Mattila‐
Sandholm and Wirtanen, 1992). Non-food contact surfaces also ought to be cleaned regularly to 
minimize accumulation of pathogens. 
According to chapter four of the Food Code (2013), material used in construction of 
utensils and food contact surfaces of equipment ought to not allow migration of deleterious 
substances or impart colors, odors or tastes to food. It is also required to be safe, durable, 
corrosion resistant, nonabsorbent and able to withstand repeated washing when under normal use 
conditions. Surfaces must be smooth, easily cleanable, and resistant to pitting, chipping, 
scratching, scoring, distortion and decomposition. Food contact surfaces and equipment must be 
designed to have a smooth finish including welds and joints, free of breaks, open seams, cracks, 
chips, inclusions, and pits. They must not have sharp internal angles, corners, and crevices. 
Equipment must also be accessible during cleaning and inspection.  
Food from unsafe sources 
Restaurants purchase food ingredients from various places such as grocery stores or 
directly from different suppliers. Depending on the food type, restaurants may not do much to 
improve the safety of food already delivered at the establishment. An example is contaminated 
produce, and contaminated seafood that may not be cooked long enough to destroy pathogens. 
Obtaining fish from waters that are likely to be contaminated with human sewage, and harvesting 
fish during heavy rains and flooding events may increase the risk of contaminating seafood with 
human pathogens (Lwamoto et al., 2010). The Caribbean islands are high risk areas for ciguatera 
fish poisoning among tourists (Junior and Goldani, 2019). Illnesses and outbreaks mostly result 
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from consumption of large reef fish and ocean predators such as barracuda, snapper, and 
grouper. Ciguatera toxin is known to accumulate in the viscera and head of contaminated fish. It 
is advisable to avoid such high-risk fish and its parts when there is a possibility of contamination 
(Chan et al., 2016). Fish exposed to high temperatures that may occur occasionally in processing 
facilities is likely to contain toxic levels of histamine, which is not safe for human consumption 
(Economou et al., 2007), and cannot be destroyed by heat. 
Chapter three of the Food Code (2013) requires that food offered at food establishments 
is safe, unadulterated and honestly presented. Food is to be obtained from sources that comply 
with the Law, and not prepared in a private home. Packaged food ought to meet labeling 
requirements, indicating safe handling instructions and any allergens likely to be present. When 
receiving food at the establishment, the Food Code requires that refrigerated TCS food is kept at 
5oC (41oF) or below, or at a temperature specified by the Law. Food shipped as frozen is to be 
received frozen and without evidence of temperature abuse. Hot TCS foods are to be received at 
57oC (135oF) or above. Food packages also need to be in good condition in order to protect food 
from adulteration and contamination. The USVI imports 97% of their food from the United 
States and the neighboring Islands (Eileen, 2017; Walters et al., 2016), and thus partly depends 
on its exporters to ensure that food is safe during storage and distribution. Since the food travels 
a long distance, with uncertain transport schedules and potential extra handling, care has to be 
taken to inspect food at the point of delivery to ensure that it is not temperature abused and that 
the packages are intact. A portion of the demand for seafood in the restaurants of the USVI is 
met by the local fishermen. Clements et al., (2016) report that 810,000 pounds of fish were 
caught by fishermen in 2014, and most of them were sold to restaurants, supermarkets or at the 
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eight fish markets within the three islands. A number of active fishermen are not registered 
(Clements et al., 2016) which may compromise the required standards.  
Time and temperature abuse during cooking and holding 
Time and temperature abuse of food is an important factor for the survival and 
proliferation of microorganisms already present in food. Cooked or fresh food especially TCS 
food that has been exposed to the danger zone (between 41oF and 135oF) for longer than four 
hours may not be safe for human consumption and ought to be discarded. Huang et al. (2015) 
examined growth of pathogens on fresh cut cantaloupe under different storage temperatures, and 
found that the population of Salmonella enterica increased when temperature was 8oC and 12oC, 
while that of Listeria monocytogenes increased at 4oC, 8oC and 12oC. The temperature danger 
zone is conducive for growth and multiplication of most spoilage and pathogenic 
microorganisms and should therefore be avoided. 
Cooking is a critical control step in food preparation. In addition to improving the 
palatability of food, cooking destroys spoilage and pathogenic microorganisms and parasites that 
might be present in food. TCS foods should therefore be refrigerated, frozen or cooked to the 
recommended minimum temperature and kept above 135oF to minimize risks of foodborne 
illness. Failure to cook food to the right temperature (poor thermal inactivation) has been 
reported to cause foodborne disease outbreaks. An example is a Salmonella outbreak in Arizona 
that was linked to undercooked shrimp (Venkat et al., 2018), and another Salmonella outbreak in 
Sioux Falls South Dakota which was associated with temperature abuse of beef roasts during 
storage and cooking (Shapiro et al., 1999). Poultry, a TCS food was found to cause the highest 
number of outbreaks between 1998 and 2012, and these outbreaks were attributed to food 
handling errors and inadequate cooking at restaurants, private homes and catering facilities (Chai 
et al. 2017). Cooking meats to rare and medium-rare levels is more popular than well done meats 
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(Lyford et al., 2010). The chances of pathogens surviving in the meats is higher when lower 
temperature and shorter time regimes are used, and if no objective measures of doneness are 
employed during cooking (Jones et al., 2016). 
The Food Code requires that TCS foods are kept at 5oC (41oF) or below, and if they are 
to be served hot, they should be kept at 57oC (135oF) or above, following adequate cooking to at 
least the minimum recommended temperature and time. The minimum cooking temperatures for 
TCS foods include 165oF for poultry, 160oF for ground meats, 160oF for eggs, 145oF for steak 
and whole muscle meats, and 145oF for fish. When reheating food, a temperature of 74oC 
(165oF) must be reached for all parts of the food, and held at this temperature for 15 seconds. 
Thawing frozen food is to be done by keeping it under refrigeration temperatures (5oC), or 
completely submerging it under running water at 21oC (70oF) long enough not to increase food 
temperature above 5oC, or in a microwave oven then cooked immediately, or as part of the 
cooking process. Cooked TCS food is to be cooled from 135oF to 70oF within 2 hours, and 
taking a total of 6 hours to cool from 135oF to 41oF. Cooling and reheating TCS foods ought to 
be done rapidly to reduce the time food is exposed to the temperature danger zone. To ensure 
that all temperature requirements for storage, cooking and holding are met, the FDA 
recommends to use a thermometer as opposed to subjective visual methods such as color, texture 
and hardness that could be influenced by other factors, and not correctly reflect doneness and 
microbial safety (Bogard et al., 2013). 
Personal hygiene and health of food handlers 
Food handlers in restaurants are actively involved in putting food to storage, prepping, 
cooking and serving. Food handlers are also a potential source of contamination to food as they 
engage in these activities. Food handlers’ hand hygiene is very important when it comes to safe 
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handling of food. Green et al., (2007) explored factors related to food worker handwashing and 
glove use practices and found that such practices were more likely to occur during food 
preparation activities, in restaurants with more than one hand sink that was easily accessible, and 
in restaurants where workers received food safety training. Presence of glove supplies in chain 
restaurants was associated with their use. However some food employees did not wash hands 
before wearing gloves or after handling dirty equipment. In addition to preventing contamination 
of food with pathogens, clean hands and change of gloves are food allergy management and 
preventive strategies that can be used by food workers in restaurants (Dupius et al., 2016). 
Engaging in good personal hygiene practices is therefore encouraged through improving food 
safety knowledge and availing facilities and supplies needed to perform such practices.  
Chapter two of the Food Code (2013) requires that food handlers keep their hands and 
exposed parts of their arms clean. Hand washing is to be done in a designated sink using clean 
running warm water, for about 20 seconds, and drying using single use towels. Hands are to be 
washed after using the toilet, before and after handling food, when switching between food prep 
tasks and whenever hands get contaminated. Finger nails are to be trimmed, filed and without 
paint or artificial nails unless gloves are worn. Food handlers are to wear clean clothing and no 
jewelry except a plain ring. To prevent contamination of food, food handlers are to eat, drink and 
use tobacco away from exposed food and food contact surfaces, restrain their hair, and wear 
gloves when working with exposed food. Gloves act as a barrier between hands and food, 
protecting it from contamination. Nevertheless, hands still must be washed before wearing 
gloves. 
Health of food handlers is crucial as infection can be transmitted between workers and 
from workers to consumers through food and food contact surfaces. The Food Code requires that 
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food workers with symptoms such as diarrhea, vomiting, jaundice, sore throat and those 
diagnosed with infections such as Hepatitis A, Norovirus, Shigella spp, nontyphoidal 
Salmonella, Salmonella Typhi, or Shiga toxin producing E. coli are excluded from working with 
food or serving highly susceptible populations. This is intended to prevent spread of infections.  
Violation of these good health and hygiene practices put consumers’ health at risk. 
Hedberg et al., (2006) compared previous inspection results of restaurants involved in outbreaks 
to those of non-outbreak restaurants between June 2002 and June 2003, and found that the 
widespread Norovirus outbreaks in outbreak restaurants resulted mostly from handling food by 
an infected person or a carrier, and bare-hand contact with food. Norovirus is transmitted mostly 
through the fecal-oral route when infected employees do not wash hands properly after using the 
toilet (Hedberg et al., 2006). 
Other factors  
Other underlying factors that may lead to contamination of food in restaurants include 
language barrier, lack of skills to operate equipment, time constraints, inadequate resources, lack 
of equipment, negligence by management and employees, skin drying effects of hand soap and 
lack of penalties for failure to comply with guidelines (Howells et al., 2008, Green and Selman 
2005; Angelo et al., 2017; Rowell et al., 2013; Biando, 2018). Food handlers’ and restaurant 
managers’ knowledge and attitudes towards food safety also greatly impact food handling 
practices. Presence of one food handler trained in food safety can positively influence food 
handling practices. Hedberg et al., (2006) noted that the presence of a food safety certified 
kitchen manager was associated with restaurants that were not involved in outbreaks from June 
2002 to June 2003. Angelo et al., (2017) reported that lack of food safety training and procedures 
were one of the contributing factors to foodborne disease outbreaks. The Food Code requires that 
a food establishment has at least one food protection manager who is knowledgeable about 
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preventing foodborne illnesses. It is expected that the food protection manager works with the 
rest of the food handler team to prevent foodborne illnesses. Clark et al., (2019) also emphasize 
managerial commitment at retail food establishments as a strong predictor of safe food handling 
practices such as hand washing. In another study, it was found that restaurants with a certified 
food protection manager had a much lower mean number of out-of-compliance observations 
noted (Liggans et al., 2019). Restaurant managers would benefit from additional resources that 
can they can use to ensure safe food handling practices by food employees in restaurants. 
Grocery stores ready-to-eat meals 
Grocery stores are yielding to consumers’ demands for ready-to-eat meals, by including 
delis, hot foods and bakery departments to their usual groceries. In addition to the shopping 
experience, stores offer home replacement meals, pizza, “grab and go” dinners, and salad and 
coffee bars. Just as in a restaurant, stores handle and prepare both hot and cold foods from within 
the facility, and serve it to relatively large numbers of consumers. Among the foods used are 
potentially hazardous foods such as raw animal source foods and fresh produce for salads which 
could cause illnesses if not handled properly. Grocery stores were implicated in 105 Norovirus 
outbreaks in the United States between 2001 and 2008 (Hall et al., 2012), and continue to be at 
risk for foodborne disease outbreaks. Endrikat et al., (2010) found that deli sliced meats were 
more likely to be contaminated, and were found with higher levels of Listeria monocytogenes 
than those prepackaged in processing plants, indicating a potential source of foodborne illness. 
Ready-to-eat foods from chain supermarkets and grocers in Northern California and Maryland 
were found to have a 1.82% prevalence of contamination with Listeria monocytogenes, with in-
store-packaged foods having higher levels than manufacturer packaged foods (Gombas et al., 




Food workers play a significant role in ensuring the safety of food in grocery stores. In a 
survey conducted in grocery stores delis and bakeries in Southwest and Southern Virginia, 18% 
to 26% of food handlers expressed their desire for training in food safety aspects such as 
calibration of thermometers, allergens and labelling, recognizing the temperature danger zone, 
proper cooking temperatures, cross-contamination and sick employee policies (Robertson et al., 
2013). The need to understand the sick leave policies was further emphasized by 20% of 
respondents who felt it was okay to work with food if they had a fever or diarrhea in the last 24 
hours. In the observation phase of the same study, some food handlers were recorded touching 
ready-to-eat food with bare hands that had not been previously washed. Of the 44 handwashing 
attempts, only 21 were done properly. Cross-contamination was the other major observed food 
safety issue as food handlers used the same gloves for handling raw chicken and ready-to-eat 
foods, juice from raw chicken was contacting utensils, employees used cell phones during work, 
they touched thermometer tips before using them, and picked up items from the floor with 
gloved hands which they did not change before touching food (Robertson et al., 2013). In 
another observational study of food employees in chain and independent store deli departments 
in Maryland and Virginia, Lubran et al., (2010) found very low compliance with handwashing, 
for all occasions when handwashing was supposed to be done according to the Food Code 
recommendations. It is important for food handlers in grocery stores to minimize risks of 
contamination of ready-to-eat meals so as to protect the public from foodborne illnesses.  
Salvage stores are the other area likely to be involved in foodborne illness, since they are 
involved in selling items that are considered non-marketable in other stores. Following an 
outbreak of botulism from food consumed during a church supper, investigations revealed that 
food had been purchased from a salvage store where unannounced inspections noted temperature 
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abuse of TCS food, inadequate labeling of repackaged foods, and inadequately displayed food 
for purchase (Kalluri et al., 2003). Non-marketable food items from large grocery stores and 
those sold in salvage stores are at times used by soup kitchens and food banks, where consumers’ 
health would be at risk if no further inspection is conducted at the point of purchase or receiving 
of food materials. 
Soup kitchens 
Soup kitchens (also referred to as emergency kitchens), just like food banks and food 
pantries are non-profit, faith based platforms through which food is given freely or at reduced 
prices to low-income populations, in order to relieve hunger and food insecurity (Mabli et al., 
2010). Soup kitchens are mostly attended by the homeless, single parents, victims of domestic 
violence and the unemployed all of whom are in economically unstable situations (Biggerstaff et 
al., 2002). Soup kitchens prepare and serve ready-to-eat breakfast, lunch and dinner meals to 
their clientele. It is estimated that by the year 2000, there were 5,300 soup kitchens in the United 
States (Ohls et al., 2002), that served over 173 million meals. These numbers are likely to 
increase given the increasing levels of household food insecurity. Food materials used in 
preparing meals at soup kitchens are usually obtained from food banks, food pantries, leftover 
food from restaurants, and at times donated by individuals. Food supplied from food pantries 
may be obtained as donations from grocery stores’ food products that are nearing their expiry 
dates, and some community gardens (Chaifetz, 2015). Limited resources constrain timely 
transportation and delivery of food from food banks to soup kitchens, and appropriate storage, 
thereby compromising safety for perishable food items such as fresh produce and meats (Davis et 
al., 2014; De Boeck et al., 2017). Since their major focus is addressing food insecurity, soup 
kitchens may not be without food safety challenges, as they serve a large number of low-income 
populations, some of whom are susceptible to foodborne illness such as the 
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immunocompromised and the elderly. In North Carolina, Chaifetz (2015) and Chaifetz and 
Chapman (2015) found that food pantries who are also suppliers of food to soup kitchens were 
mostly run by volunteers who made decisions on the quality and safety of the food received at 
the facility, and yet most had not gone through any food safety training. It was also observed that 
hand washing was a rare practice that was further constrained by inaccessible sinks that were 
also inadequately stocked with supplies (Chaifetz, 2015). A high risk of temperature abuse of 
food was showed by overstocked freezers, which also lacked thermometers. Manning (1994) 
found that non-profit and temporary food service operations are less likely to receive food safety 
training. Kempson et al., (2002) found that in New Jersey, eating other people’s leftover food 
was one of the food management practices used by people with limited resources whenever they 
visited soup kitchens. These practices clearly show that attending soup kitchens may pose risks 
of foodborne illness to clients. A study by Waggoner et al. (2004) found that food safety training 
has the potential to improve food safety knowledge and promote safe food handling practices 
among employees in food recovery agencies. 
Street food (roadside) vending  
Street food comprises of ready-to-eat foods and beverages prepared and or sold by 
vendors along the streets especially in public places with large populations, where consumers can 
eat onsite or take food with them to eat later. Street food is famous for its convenience, culturally 
unique taste, and relatively low cost. Street food also contributes significantly to after school-
snacking among children (Tester et al., 2010). In South Texas border, street food vending 
businesses are conducted in temporary structures such as stands/stalls, small booths, trucks, and 
carts that are assembled daily along the sidewalk, selling items at a relatively low cost for the 
low income communities, and with majority run by men (Valdez et al., 2012). In the United 
States, New York is one of the cities with the largest number of street food vending businesses. 
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Street food vendors in Bronx County were characterized with having impoverished illegitimate 
set-ups, changing selling locations, and running businesses based on the day’s weather (Lucan et 
al., 2013; Lucan et al., 2014). Food sold along the street varies with culture and location, 
however some prepackaged foods such as soft drinks cut across different areas of the world. 
Food ranges from cooked to uncooked, and can be sourced from a vast number of places. Food 
may be obtained prepackaged from wholesalers or stores, it may be fully processed or semi-
processed, it may be prepared from home and brought to sell, or may be cooked onsite by the 
vendor. Street foods can also be sold frozen or hot (Valdez et al., 2012).  
Studies have shown that street food can be a potential source of foodborne illnesses, due 
to inadequate food handling practices used by the vendors. A study on glove changing habits 
among mobile food vendors in New York City revealed that the majority of vendors did not 
change gloves after money exchanges which could potentially contaminate food (Basch et al., 
2015). In New Jersey, a similar study revealed that gloves were changed in only 2.3% to 3.35% 
of monetary transactions observed, and 35.3% of money (paper bills) from vendors tested 
positive for coliforms, with the number of Colony Forming Units ranging from 1.18 × 107 to 
1.13 × 1010 (Basch et al., 2018).  
Burt et al., (2016) evaluated food handling practices of 10 processing vendors in 
Manhattan (New York City). It was found that unsanitary conditions was the major food safety 
issue with 67% of vendors, as they touched food with bare hands, some had visibly dirty hands 
or gloves, and no vendors washed their hands or changed gloves within 20 minutes of 
observation. Temperature abuse and cross-contamination were the other issues noted. Given the 
inadequate space for street food set-ups, and poor hygiene practices, there is a high risk of 
contamination of food, and therefore a potential of causing foodborne illnesses to consumers. 
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Interventions to prevent foodborne illnesses within the food service industry 
The FDA’s Food Code provides guidelines on how to minimize the major risk factors of 
foodborne illness encountered in the food service industry. These risks include contaminated 
equipment, time and temperature abuse during cooking and holding, obtaining food from unsafe 
sources, and poor personal hygiene and health or personnel. Restaurants and other retail food 
establishments are to comply with these recommendations to protect the public from foodborne 
illnesses. Compliance with recommendations is monitored through routine inspections of retail 
food establishments. These routine inspections involve documenting critical and non-critical 
violations of the Food Code recommendations observed at the establishments. Between 2009 and 
2019, 76 inspections were conducted in the food /cosmetics enterprises in the USVI Islands, and 
40 of these had citations issued following non-compliance that would lead to biological hazards 
in food (FDA, 2019). The USVI Department of Health has since March 2019 embarked on 
promoting food safety in the retail food establishments by first educating restaurant owners and 
personnel on food safety risks encountered at their establishments during inspections and 
requiring the owners to resolve issues rather than paying a monetary fine for noncompliance (VI 
Consortium, 2019). Results from inspections are at times used by consumers to determine where 
it is safe to eat, and could also be used by the health departments to predict where an outbreak 
would occur, and therefore require those restaurants to take immediate preventive action (Lee 
and Hedberg, 2016; Hedberg et al., 2006; Petran et al., 2012).  
The US. Department Agriculture and Food and Drug Administration further emphasize 
food safety information and proper food handling practices through nationwide campaigns that 
deliver information in different ways to consumers throughout the year (Food insight, 2012). 
Such campaigns included “Food Safety Counts”, “Food Safe Families”, and “Cook it Safe”. The 
Association of Food and Drug Officials (2019) and the FDA (2018) through the non-profit 
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Partnership for Food Safety Education has also conducted campaigns for supporting consumers 
in fighting foodborne pathogens and preventing food poisoning. Their “Fight Bac” campaign 
places emphasis on the use of four core practices of food safety including clean, chill, cook and 
separate, which are aimed at removing bacteria from food contact surfaces, reducing bacterial 
growth, inactivating or killing bacteria, and preventing cross-contamination between surfaces. 
These campaigns promote practices that are applicable in restaurant environments where food is 
handled more extensively.  
Several other interventions and techniques have been investigated and employed in 
restaurant settings with the goal of minimizing the occurrence of foodborne illnesses. These 
broadly aim at improving food workers knowledge of food safety, creating a positive attitude 
towards food safety and encouraging positive behavior change towards better food handling 
practices. Some studies have shown that interventions in form of trainings greatly improve food 
handlers’ knowledge of food safety, and may positively influence food handling practices 
(Hedberg et al., 2006; Anding et al., 2007; Smith et al., 2014; Finch and Daniel, 2005). However, 
other studies contradict and show that knowledge may not always translate into positive behavior 
change (Green and Selman 2005; Rowell et al., 2013), which indicates the need for more diverse 
interventions that address more than one aspect of food safety. Interventions that are less 
training-based and more behavioral based have showed potential to improve safety, for example 
Chapman et al., (2010) noted a 6.7% significant increase in handwashing attempts, and a 19.6% 
significant reduction in indirect cross-contamination events when food safety info sheets were 
posted in highly visible locations in the kitchen and handwashing stations of restaurants. Yu et 
al., (2018) also found that a behavior-based training was more effective than knowledge based 
training at improving handwashing practices among newly recruited food workers. 
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Efficiency of interventions also varies with the target microorganisms as they have 
different mechanisms of attaching and surviving on surfaces. Etter et al., (2017) found that using 
enhanced sanitation standard operating procedures for cleaning slicers, deli case, floors, drains, 
cleaning tools, walk-in coolers, and touch points had no effect on the prevalence of Listeria 
monocytogenes in retail delis, showing a need for more rigorous cleaning procedures. Micheals 
et al. (2001) also found that to achieve a 5log reduction of biofilms in refrigerator trays in food 
service environments, multifaceted cleaning and disinfection procedures have to be employed. 
Cleaning methods that involve high degree of mechanical action were found most effective at 
removing Pseudomonas aeruginosa and Staphylococcus aureus biofilms (Gibson et al., 1999).  
Use of visuals in food safety interventions is on the increase due to the positive changes 
in food safety behavior reported in studies. Rajagopal et al. (2016) reported a reduction in 
microbial load on leafy greens following a food safety intervention in the form of posters. 
Disgusting visuals, auditory and odor reminders were also found to increase compliance with 
safe food handling practices such as hand washing (Pellegrino et al., 2016). Employing multiple 
and diverse interventions also tends to be more effective at improving food handling practices. 
York et al., (2009) observed an improvement of employees’ compliance with safe food handling 
practices when they employed a four-hour ServeSafe training in combination with an incentive 
program that included thermometers and reminder signs for performing practices. Other non-
training or behavioral change based interventions can also be applied to prevent the spread of an 
outbreak. An example was mandatory vaccination of food service workers in Kentucky 
restaurants following onset of a multistate Hepatitis A outbreak that occurred among homeless 





Consumer demand and consumption of fresh produce has increased over the years. This 
could be attributed to consumer awareness of the health benefits derived from ingestion of 
micronutrients and fiber, more commonly found in fresh fruits and vegetables than their 
processed counterparts (Birmpa et al., 2013). Fresh produce also contains vitamins and 
antioxidants which protect against cancer and cardiovascular diseases, thereby improving 
immunity (Piyasena et al., 2003). High fiber diets have been associated with reduced risk of 
obesity, reduced cholesterol levels and better gastrointestinal tract movements. Some of these 
nutrients and bioactive compounds are heat labile, therefore non-thermal processing techniques 
ought to be used in order to eliminate pathogens without compromising quality. The lack of a 
heat/kill step during minimal processing increases chances of the presence of pathogens in fresh 
produce and their minimally processed products, and hence foodborne illnesses and outbreaks. 
The Food Safety Modernization Act (FSMA) was signed into law in 2011, in order to 
provide science based minimum requirements to protect the public from potential foodborne 
illnesses through preventive strategies. Among the seven rules of FSMA is the Produce Safety 
Rule that went into effect from January 2016, and provides standards for growing, harvesting, 
packing and holding of fruits and vegetables for human consumption. Emphasis is mainly put on 
produce that is likely to be consumed raw or without any kill step prior to consumption. All 
stakeholders involved in such covered activities, and handling covered produce ought to follow 
requirements to minimize produce contamination. 
The key areas addressed by the Produce Safety Rule (PSR) include agriculture water 
quality and testing, biological soil amendments of animal origin, sprouts, domestic and wild 
animals, worker training, health and hygiene, and equipment, tools and buildings. All key areas 
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are either directly or indirectly associated with produce contamination before or after harvest. 
The PSR requirements for these key areas in relation to produce contamination factors are 
discussed in proceeding sections. 
Produce contamination before harvest 
Produce can get contaminated before harvest on both conventional and organic farms 
alike, with pathogens surviving on produce until the time of consumption (Mukherjee et al., 
2004). Sources of contamination before harvest include soil amendments, soil, human and 
animal feces, irrigation water and contaminated dust (Steele and Odumeru 2004; Beuchat 1996; 
Harris et al., 2003), as elaborated below. 
Biological soil amendments of animal origin  
Soil amendments are substances added to the soil in order to improve soil fertility and 
promote plant growth. Biological soil amendments of animal origin include manure from cattle, 
sheep, pigs, and poultry. Manure is a popular soil amendment used by several organic crop 
farmers, and it is also recommended by the National Organic Program for its benefits to soil 
productivity (USDA, 2015), but with restriction to the number of days between application and 
harvest if it is used raw. Produce grown under organic management practices may therefore 
stand a higher risk of being contaminated. Untreated biological soil amendments of animal origin 
have high risk of contamination to produce since they may contain enteric pathogens (James, 
2006). Pathogens such as E. coli and Salmonella reside in the gastrointestinal tract of healthy 
farm animals, and are excreted along with the manure (Elder et al., 2000). If not treated, 
pathogens can survive for long periods in manure, and eventually contaminate crops when used 




Several methods have been employed to treat manure in order to reduce the risk of 
contamination to produce. These include composting, aerobic and anaerobic digestion, 
dewatering, heat drying, gassing with ammonia and pelleting (Himathongkham and Reimann 
1999; Martens and Böhm, 2009). Composting is an aerobic process by which mesophilic and 
thermophilic microorganisms sequentially breakdown organic material. Composting kills 
pathogens by raising temperatures to at least 55oC for three days (Grewal et al., 2006; Erickson 
et al., 2010; Lung et al., 2001). Some studies have however showed a potential of regrowth of 
bacteria and therefore possibility of contamination from cooled or cured compost (Hassen et al., 
2001; Russ and Yanko, 1981). In the early stages of composting, the indigenous microflora help 
to reduce the growth rate of pathogens, however this is lost as the compost matures because 
pathogens easily colonize and multiply in relatively sterile compost when it is stored 
inappropriately (Sidhu et al., 2001). Regrowth of Salmonella in composted solids is attributed to 
factors including moisture level, temperature, and nutrient content of the composted solids (Russ 
and Yanko, 1981). Pelletizing is a thermal process usually applied to chicken manure to kill 
pathogens, reduce off-odor, and facilitate transport and storage (Lopez-Mosquera et al., 2008). 
Since the treatment methods do not completely sterilize manure (Gibbs et al., 1995; Sahlström, 
2003), and bacterial re-growth in the treated samples could result from animal intrusion, and 
contaminated tools, it is important to use application methods where manure does not contact the 
edible portions of the plants, to apply manure several months before harvest of produce, and to 
store manure appropriately to prevent intrusion by animals and spills and run offs to the 
environment. Methods such as broadcasting increase contamination risks to edible portions of 
produce. When untreated soil amendments contact flowers, Guo et al., (2001) found that 
pathogens can survive in flowers and later be found in fruits. 
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The Produce Safety Rule prohibits the use of human waste, and recommends that 
biological soil amendments must be completely processed or treated to reduce microorganisms 
of public health concern. Treatment methods may involve physical, chemical or biological 
processes, which are scientifically validated to achieve required microbial standards. The two 
recommended methods are static composting and turned composting. The PSR defines 
composting as “a process to produce stabilized compost in which organic material is 
decomposed by the actions of microorganisms under thermophilic conditions for a designated 
period of time, at a designated temperature, followed by a curing stage under cooler conditions”. 
Static composting maintains aerobic conditions at a minimum of 131oF (55oC) for a consecutive 
three days followed by adequate curing. Turned composting on the other hand maintains aerobic 
conditions at a minimum of 131oF (55oC) for 15 days, with a minimum of five turnings followed 
by adequate curing. Mixing treated and untreated soil amendments is discouraged as it leads to 
cross-contamination. During application, it is recommended that soil amendments (including 
those treated) do not contact the edible part of the plant. Extension educators have a challenge to 
continue sensitizing fresh produce growers to help them understand the risks associated with 
using untreated biological soil amendments of animal origin, and better management practices to 
minimize contamination (Perry et al., 2019). 
Agricultural water  
Agricultural water is another potential source of contamination to produce before harvest. 
Agricultural water is water intended to contact covered produce, or perform covered activities in 
which water contacts food contact surfaces, before or after harvest. The water source and its 
location on any produce farm has to be considered when establishing a farm. Water from the 
public water supply has the lowest risk of contamination since it is usually treated before it is 
released. Ground water such as deep wells has moderate risk of contamination and it is mostly 
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affected by site or location. Surface water such as ponds, rivers and lakes has the highest risk of 
contamination, and will therefore contaminate produce if used untreated (Lipp et al., 2001). 
Surface water is susceptible to contamination from feces of animals and birds, and run off from 
contaminated areas like compost piles and leakages from septic tanks (Crook et al., 2017; Probert 
et al., 2017; Alderisio and DeLuca, 1999). The high prevalence of contamination of agricultural 
water has also been attributed to environmental and geographical factors such as; rain fall, 
temperature, seasonal variations, and surrounding land use activities (Rodrigues et al., 2020). A 
relationship exists among these factors, as reported in some studies. In studies by Haley et al., 
(2009), Gu et al., (2013), Luo et al., (2015), and Koirala et al., (2008), the prevalence of E. coli 
O157 and Salmonella in surface water sources on farms is higher in summer months when high 
temperatures favor microbial growth, and rain fall causes runoff. During irrigation, application 
methods in which water contacts the edible parts of produce have the highest risk of cross-
contamination to produce. Drip irrigation method has lower risk compared to overhead, flood or 
sprinkler irrigation (Solomon et al., 2002a; Solomon et al., 2003) which contact the edible 
portion of the plants, and splash soil onto the plants (Lee et al., 2019). Pathogens from 
contaminated irrigation water can last longer than five months in produce fields (Islam et al., 
2004; Islam et al., 2005), increasing risks of contamination of produce. Investigations of some 
produce related outbreaks that are traced back to the farm, find agricultural water as the source of 
contamination especially for E. coli O157:H7 and Salmonella (FDA, 2019, Greene et al., 2008; 
Kintz et al, 2019; Bottichio et al., 2019), indicating a need for more precaution when making 
decisions regarding water sources and use on the farm.  
The PSR requires that agriculture water systems are inspected, maintained and regularly 
tested for quality. Water used to irrigate sprouts, water applied to produce during harvesting or to 
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perform postharvest activities, cleaning food contact surfaces, and hand washing must not 
contain any detectable generic E.coli per 100mL. The use of untreated surface water for such 
activities is prohibited. Pre-harvest water that is directly applied to growing produce must 
contain a geometric mean of no more than 126 CFU per 100mL of generic E. coli, (FDA, 2019). 
In the event that tests reveal that production or pre-harvest water does not meet the required 
standards, the PSR provides options of corrective measures including inspecting water to identify 
and rectify the source of the problem, treating water before use, maximizing the time interval 
between the last irrigation and harvest to encourage microbial die-off, and removal of such 
pathogens during postharvest activities such as washing. Généreux et al., (2015) also found that 
the risk of detecting E.coli in strawberries twenty-four hours after irrigation with contaminated 
water reduces by 7.4-fold, further confirming the importance of a harvest interval. Water testing 
is required to determine if agricultural water meets the microbial quality criteria, and its 
frequency varies with the water source. The PSR requires that for untreated surface water, an 
initial survey is conducted by taking a minimum of 20 samples from the water source close to 
harvest periods, over two to four years, followed by an annual survey of at least five samples. 
Ground water that is used during postharvest activities is initially tested four times during the 
growing season or over a period of one year, and then tested annually if no generic E. coli is 
detected in the initial tests (FDA, 2019). Water is one of the most widely used resources on a 
produce farm, and should therefore be given more attention since higher risks would result from 
negligence. The 2007 Agriculture Census reported that farms in the USVI obtained irrigation 
water from wells or cisterns, public water supply and surface water sources such as ponds and 
lakes (USDA, 2009). A summer 2019 evaluation of the quality of water in cisterns of households 
in the USVI found that 4 in 5 cisterns were positive for E. coli, and some cisterns also tested 
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positive for other pathogens such as Salmonella and Cryptosporidium (VI consortium, 2020). 
The USVI water sources therefore have a high risk of contamination and causing foodborne 
illness when used for irrigation or postharvest handling of produce that is likely to be consumed 
raw. Other corrective measures therefore need to be employed to minimize contamination risks. 
Domestic and wild animals  
Wild and domestic animals and birds can contaminate produce especially during the 
growing seasons. These shed and harbor human pathogens in their gastrointestinal tract and 
spread them through their feces when they access fields and water sources (Beutin et al., 1993; 
Elder et al., 2000). Animals are vehicles for pathogens such as Salmonella, Shiga toxigenic E. 
coli, Listeria monocytogenes and Campylobacter, and therefore can cause both direct and 
indirect contamination to produce (Heredia and García, 2018). Animals have been implicated as 
sources of pathogens in a number of produce related outbreaks, some of which are traced back to 
farms (Langholz and Jay-Russell, 2013; Jay et al, 2007; Laidler et al. 2013). For example, in the 
2006 outbreak of Escherichia coli O157:H7 in bagged spinach from Central California Coast, 
feral swine was identified as the pathogen source (Jay et al, 2007). Another outbreak surveillance 
confirmed deer pellets on a single farm as a source of Escherichia coli O157:H7 found on 
strawberries sold at a farmers’ market in Oregon State (Laidler et al. 2013). Some studies have 
detected pathogens in feces of wild animals, and showed a potential of transmitting these 
pathogens to domestic animals, and contamination of produce through feces. Thakur et al. (2011) 
found Clostridium difficile, and Salmonella in 4.4% and 5% of fecal samples from feral pigs in 
North Carolina respectively. Clostridium difficile was found to have resistance to several 
antimicrobials including ciprofloxacin, tetracycline, and levofloxacin, at concentrations greater 
than 25%, making treatment for such illnesses more challenging. In a different study on a pig 
farm, vermin, birds, and flies that may come in contact with domestic animals were found 
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positive for Clostridium difficile, which is reported to cause diarrhea in piglets (Burt et al., 2012). 
Location of produce farms is therefore critical in reducing contamination risks, especially from 
sources or vectors that are difficult to control such as wild life. Erickson (2016) provides a 
detailed compilation of foodborne pathogens in wildlife populations, which may directly or 
indirectly cause illness to humans.  
Strategies to minimize animal and bird access to produce fields is an under-explored area. 
Control of wild animals from accessing agricultural fields is broadly categorized into population 
control and exclusion measures (Franklin and VerCauteren, 2016). Population control includes 
lethal control techniques such as regulated hunting for invasive species, reproductive control 
such as sterilization, use of contraceptives, and habitat modification by eliminating animal food 
or shelter from areas close to produce fields (Franklin and VerCauteren, 2016). Exclusion 
measures include physical barriers such as fences, scare devices, and repellants. Non-lethal 
strategies are more popular in research and application, as these prevent extinction of wildlife 
species. Non-lethal strategies such as sonic broadcast units have been found effective at 
protecting against birds in vineyards (Berge et al., 2007), while bamboo and polythene skirt 
coverings protect date palms from bats that are vehicles for human Nipah virus (Khan et al., 
2012). Johnson et al., (2014) evaluated the potential of a polyrope electric fence, a chemical 
repellent Plantskydd™, and a winged fence, to reduce deer and elk damage to sunflowers, and 
found that the electric fence was most efficient. Removal of non-crop vegetation around produce 
fields is intended to remove potential habitat for animals, however this practice may not always 
translate into safer produce (Karp et al., 2015). Franklin and VerCauteren, (2016) encourage the 
use of multiple measures specific to a given agricultural field to account for variations in wildlife 
species, landscapes, and pathogens of concern for various fields. 
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The PSR encourages co-management practices that minimize the risk of fecal 
contamination and microbiological hazards associated with food production, while 
simultaneously conserving soil, water, air, wildlife and other natural resources. It also 
recommends that produce growers assess areas of production, harvesting, packing and holding 
for any evidence of animal intrusion by observing animals, animal poop, crop destruction that 
would lead to potential contamination, and evaluate whether produce can be harvested. In case of 
evidence of contamination, measures such as flagging affected areas are encouraged to guide 
harvesters not to pick such produce or mixing it with good produce (FDA, 2019). 
Produce contamination after harvest 
Anything that gets into contact with produce during or after harvest can potentially cause 
contamination. Sources of pathogenic microorganisms and conditions that accelerate their 
growth after harvest include pest feces, human handling, equipment, containers, animals, 
air/dust, wash and rinse water, ice, transport vehicles, sorting, packing, cutting equipment, 
inadequate storage environments, improper packaging, cross-contamination, improper display 
temperatures and improper handling after purchase (Beuchat et al., 1996; Duffy et al., 2005; 
Gagliardi et al., 2003; Beuchat and Ryu, 1997). Inadequate cleaning and sanitation practices on 
the farm’s packing shades or houses lead to contamination of produce from dirty food contact 
surfaces such as tools, harvesting containers, grading tables and processing equipment (Keller et 
al., 2002; Silagi et al., 2009).  
Internalization or infiltration of pathogens into produce also occurs after harvest, when 
produce is immersed in cooling water at negative temperature differential. Other factors the 
influence internalization include depth of water, time of exposure, contamination level, plant 
maturity, and type of microorganism (Harris et al., 2003; Burnett et al., 2000; Duffy et al., 2005; 
Kroupitski et al., 2009). Pathogens such as E.coli O157:H7 have the ability to move towards 
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stomata due to chemotaxis and quorum sequencing (Saldaña et al., 2011). Unique produce 
characteristics such as rough surfaces, nettings, scars, natural openings, stomata and folds 
increase the risk of contamination, and reduce the efficiency of decontaminating solutions used 
after harvest (Kroupitski et al., 2009). Minimal processing that involves cutting of produce 
exposes the tissues to contaminants and increases the risk of internalization (Seo and Frank 1999; 
Solomon et al., 2002b). Pathogens in the wash water or on food contact surfaces can be 
translocated from the exterior to the interior surfaces of produce during minimal processing that 
involves cutting of produce (Ukuku and Sapers, 2001).  
The PSR requires that equipment, tools and buildings are designed, and installed, to allow 
for adequate cleaning and maintenance, and that they should be inspected, maintained, and 
cleaned whenever necessary to protect against contamination of produce. It also recommends 
that personnel and supervisors especially those involved in growing, harvesting, packing and 
holding produce receive adequate training upon hiring and are retrained at least annually. 
Training must cover principles of food hygiene and food safety, and the importance of health and 
personal hygiene. In addition to these, harvesters are to be trained how to recognize produce that 
must not be harvested, to inspect and clean harvest containers or equipment, and to correct 
problems that harvest containers might have. Specific hygiene practices such as hand washing, 
removing or covering jewelry, and not chewing or smoking tobacco on farm are to be 
emphasized during training. Sick personnel and visitors with communicable illnesses, infection, 
vomiting, jaundice, and diarrhea are to be excluded from working with produce. Besides the 
regulations, few interventions are directed to promoting safe produce handling and growing 
practices among employees on the farms. In one study, Monaghan and Hutchison (2016) used 
carrots to demonstrate that farm workers who fail to wash hands appropriately after using the 
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latrine can be a source of contamination to harvested produce. Findings from such studies ought 
to be shared by produce farm employees in order for them to appreciate the importance of 
following recommended practices. 
Other factors influencing produce contamination include pathogen type, site of pathogen 
attachment on produce, and produce characteristics (Zhuang et al., 1995; Ukuku and Fett, 2006; 
Chancellor et al., 2006; Hirneisen and Kniel 2013). These affect pathogen attachment, survival 
and proliferation on to produce. The rate of formation of biofilms on to produce by some 
pathogens, and infiltration into plant tissues, was found to increase with time interval between 
contamination and washing, which further reduces efficiency of sanitizing solutions used to 
decontaminate produce (Sapers and Jones, 2006). External factors influencing contamination 
include temperature, moisture, humidity and nutrient availability (Zhuang et al., 1995; Stine et 
al., 2005; Fonseca 2006, Iturriaga et al., 2007; Carmichael et al., 1999). 
 Interventions to prevent foodborne illnesses from produce 
Prior to the FSMA Produce Safety Rule was the FDA and USDA Good Agricultural 
Practices (GAPs) and Good Handling Practices (GHPs) of 1998. GAPs provided non-mandatory 
guidelines to minimize microbial safety hazards for both domestic and foreign fresh fruits and 
vegetables in the produce industry along the farm to table continuum. The key areas addressed 
by GAPs were water, manure and municipal bio-solids, worker health and hygiene, sanitary 
facilities, field sanitation, packaging facility sanitation, transportation and traceback (FDA, 
1998). All actors along the fresh produce continuum were encouraged to adopt the recommended 
practices to ensure an additive positive effect to public health. The FDA’s Produce Safety Rule 
on the other hand provides mandatory scientifically validated standards and recommendations 
for how to minimize contamination during growing, harvesting, packing, and holding of fresh 
fruits and vegetables grown for human consumption. Whether actors are exempt or not, we 
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encourage a positive and proactive attitude towards food safety. Guidelines and standards help to 
draw people’s attention to pressing issues that actors ought to be concerned about. Through 
continuous education and demonstration of the benefits of using recommended practices, actors 
gain understanding and eventually appreciate the need to adopt practices. In a study that 
compared on-farm food safety practices in 1999 (one year after GAPs) and 2016 (just before the 
PSR), it was found that within a period of sixteen years with GAPs guidelines, the number of 
growers that adopted practices to minimize microbial hazards in fresh produce increased. 
Specifically, more growers used well water compared to surface water, more growers washed 
and sanitized harvest tools, and more established fences around produce fields to deter wild and 
domestic animals from accessing fields (Astill et al., 2019). The results from Astill et al. (2019) 
study indicate that there may be much fewer fresh produce related outbreaks in future if the 
practices required by the PSR are adopted by the actors along the produce continuum.  
Besides written guidelines and standards, more specific interventions are likely to speed 
up the adoption process for produce safety practices. Interventions may improve produce safety 
knowledge, promote behavioral change among produce handlers, reduce or prevent 
contamination by changing agronomic practices, or even inactivate pathogenic microorganisms 
in produce. Antimicrobials investigated for postharvest handling of fresh produce include 
chlorine, chlorine dioxide, peroxyacetic acid, ozone, essential oils, bacteriophages, hydrogen 
peroxide, bacteriocins cold atmospheric plasma, antagonistic bacteria, and sodium acid sulphate 
all of which are affected by different factors such as concentration, produce type, exposure time, 
and in addition have different drawbacks (McDaniel and Jadeja, 2019; Olaimat and Holley, 
2012). Preventive measures are mostly used during growing seasons to minimize the risk of 
contaminating produce. Franz et al., (2008) explored the potential of age of manure and manure 
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application schedules to reduce contamination in lettuce. The study found that storing manure for 
30 days before application and applying it 60 days prior to planting reduced the risk of E.coli 
O157: H7 contamination in lettuce. The type of feed given to cattle has an effect of the microbial 
quality of manure produced. Studies report that manure from grass-fed cattle have significantly 
lower pathogen load compared to that of cattle fed on grain or concentrate (Callaway et al, 2003; 
Gilbert et al., 2005). Therefore, the choice of the source of manure to be applied might help 
reduce risks of contamination to produce. To minimize animal activity on produce fields and 
water sources, removing attractants, using physical barriers, and methods to scare animals and 
birds away from produce fields are applied as preventive measures (Franklin and VerCauteren, 
2016; Berge et al., 2007; Johnson et al., 2014; Khan et al., 2012).   
Few studies have however investigated knowledge and behavioral interventions for 
personnel on produce farms. Similar to the food service industry, these interventions are aimed at 
increasing knowledge of food safety, and encouraging positive behavior change towards safe 
food handling practices. Different techniques are used with some being more effective than 
others. For instance Soon and Baines (2012) designed a produce farm workers’ food safety 
training in the form of a training booklet, presentation slides, You Tube video, and practical hand 
demonstration using GloGerm kit. These combined techniques greatly improved workers’ 
knowledge of food safety, and workers showed more preference for visual techniques such as the 
YouTube video and hand demonstrations. In addition to the FDA recommendations, there is a 
need for specific interventions that will promote safe produce handling practices among workers 




Situated cognition for employee training 
As earlier discussed, food safety trainings are less likely to increase employees’ 
compliance with food handling practices despite the knowledge gained. This can be attributed to 
several barriers including lack of resources, lack of motivation and that trainings are taken from 
environments different from the workplace (Howells et al., 2008, Green and Selman, 2005; 
Angelo et al., 2017, Rowell et al., 2013; Biando, 2018). Situated cognition recognizes that one’s 
behavior is dependent on the place where it takes place (Beck et al., 2016). A training taken from 
a classroom setting, for a minimum of 4 hours followed by an examination may be time saving, 
however it limits employees’ interaction with day-to-day surroundings at their places of work. 
Formal training such as ServSafe® and Produce Safety Alliance trainings have been reported to 
increase food safety knowledge among participants (York et al., 2009), but most of these are 
taken away from retail food establishments and away from produce farms respectively. 
Additional onsite training may be required to encourage application of the knowledge gained.  
On-site training encourages employees to reflect on what they learn, and motivates them 
to apply the knowledge in ways that may be unique for their workplace, and their job 
expectations. A trainer who may be the manager, provides mentorship to the new employees and 
models the required food handling practices to them. On-site food safety trainings however 
require that the trainers are well versed with the material and can address any questions and 
issues raised by the employees. Trainers must also have time to observe employees’ performance 
and retrain them whenever necessary. Onsite training is likely to be more effective when all 
required resources are available, and when training is offered using strategies or materials that 
enhance learning. These may include demonstrations, and flip charts, posters, and signs with 
minimal text and pictures. Most produce farms and retail food establishments in the United 
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States would benefit from onsite food safety training materials as they will properly guide their 
training sessions and orientations for new employees.  
Culture, literacy, and communication in relation with food safety 
Communication, literacy, and culture differences contribute directly and indirectly to 
food safety behavior among individuals. These may hinder one’s ability to learn new food 
handling practices, and to comply with recommendations. Studies have shown that ethnic 
restaurants are more likely to violate Food Code regulations as opposed to non-ethnic restaurants 
in the United States (Farah, 2017; Liu and Lee, 2017). This may be attributed to differences in 
language and food safety culture of employees.  
Schiffman (1995) describes important aspects to consider when creating or adapting 
visual education materials for target groups with different cultures. Such aspects include using 
images of people that target groups can relate with, using symbols recognizable by the target 
group, being aware of cultural differences in gestures and facial expressions, and reflecting 
cultural norms in the design of materials. Following these guidelines may help food safety 
educators to create materials that are relevant to the target groups, and prevent misinterpretation 
of information. Language barrier demotivates learning for non-native English speakers who 
make a significant portion of the workforce in the food service industry in the United States. 
Most of the food safety interventions available in the United States are presented in English, 
which may not benefit the increasingly diverse workforce in the food service industry. 
Bermudez-Millan et al. (2004) found that the ability to speak English was associated with 
knowing the meaning of cross-contamination and how to use a meat thermometer among Puerto 
Rican caretakers. This challenge of language barrier has been addressed through the use of 
visuals such as videos, pictures and charts, and translating materials to employee native 
languages to ensure efficient delivery of food safety information (Rajagopal, 2012; Mathiasen et 
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al., 2012). Rajagopal (2012) employed minimal-text visuals in Spanish to train Hispanic food 
service workers about proper handwashing techniques and glove use, and found a significant 
knowledge increase among participants. Madera et al. (2010) propose that instructors or 
managers who are native English speakers utilize demonstrations when teaching and instructing 
non-native English speakers about acceptable food handling practices, so as to improve their 
knowledge and bring about behavioral change. In a study by Ratnapradipa et al. (2010), it was 
found that immigrants who were taught by their bilingual children in their native language had 
significant improvement in their knowledge of food safety compared to immigrants who were 
taught in English by a certified instructor. In another study by Li (2015), food safety attitudes 
and knowledge were reported to improve among Chinese speaking food service workers when 
visual- based minimal text food safety training was offered in their native language. 
Literacy levels affect one’s ability to comprehend and process information even though it 
is presented in their native language. A lot of text in printed materials is a barrier to receiving the 
material in the first place, and may cause confusion later on when unfamiliar words are 
encountered (Schiffman, 1995). Food safety interventions must therefore recognize, the literacy 
levels, language and cultural differences, respect the norms and values of each target community, 
and use strategies that enhance learning and practicing safe food handling.  
The U.S Virgin Islands is culturally diverse with different races including 76% African 
American, 15.7% White, and 17.5 % identifying as Hispanic, and 50% born outside the USVI 
(VI Moving center, 2017). The people also have different levels of education and speak several 
languages of which English and Spanish are the most common (VI Moving center, 2017; 
Michael et al., 2019). The accommodation and food service sectors employ the largest number of 
people (n = 6864) of this multicultural population (Census Bureau, 2020), which makes delivery 
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of services more challenging. This diverse population would therefore benefit from interventions 
that consider their specific differences.  
Knowledge attitude and behavioral change  
Since most food contamination revolves around food employees either directly or 
indirectly, the end goal of food safety interventions is to achieve a long-term change in behavior 
especially with food handling practices. Interventions such as food safety trainings have been 
frequently reported to improve food handlers’ knowledge about food safety (Hedberg et al., 
2006; Anding et al., 2007; Smith et al., 2014; Finch and Daniel, 2005), but at times this 
knowledge does not translate into behavioral change (Green and Selman, 2005; Rowell et al., 
2013). A number of behavioral change theories exist but the Theory of planned behavior (TPB) 
is widely used to design food safety interventions and to predict behavioral change (Milton and 
Mullan, 2012; Mullan and Wong, 2010; Nik et al. (2016). The Theory of planned behavior 
suggests that the likelihood of an individual to perform a behavior (intention) depends on three 
main factors including 1- individual’s beliefs about that behavior (attitudes), 2- individual’s 
beliefs about what others believe about that behavior (social norms) and 3- their belief about 
their own ability or skills to perform a behavior and whether the change will make a difference 
(behavioral control) (Ajzen and Fishbein, 2005). A model of this theory is shown in figure 2.1.
 
Figure 2.1 Theory of planned behavior (Ajzen and Fishbein, 2005).  
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In food safety related studies where this theory has been applied, survey questions are 
designed to capture participants’ intention to perform a given behavior. An example of a study is 
by Milton and Mullan (2012). In this study the TPB was used to evaluate the effectiveness of a 
food safety intervention among young adults. Participants were first observed for malpractices 
and correct behaviors regarding keeping hands, surfaces and equipment clean, and avoiding 
cross-contamination while preparing cold meat, cheese and salad sandwich. A TPB questionnaire 
that examined for attitudes, subjective norm, perceived behavior control and intention was given 
before the intervention and four weeks after the intervention. The intervention provided 
information about behavior-health link, material consequences and affective consequences, 
personal susceptibility to negative consequences, information about others’ behavior and 
approval, it included a section on goal setting, prompting intentions, planning and barrier 
identification, and also provided instruction and arguments. These were categorized under the 
components of the TPB. This study reported a significant increase in perceived behavioral 
control and observed improvement in food safety behavior among participants. This and other 
studies report that perceived behavioral control is a strong predictor of intentions to perform safe 
food handling practices however it has no direct influence on behavioral change (Milton and 
Mullan, 2012; Mullan and Wong, 2010; Shapiro et al. 2011). Implementation intention is an 
aspect considered in some studies with the aim of encouraging translation of intention into 
behavior change (Mullan and Wong (2010). Implementation intention consists of a plan of how, 
where, and when a specific action or behavior is to be performed Mullan and Wong (2010). It is 
suggested that when plans are made and followed, the desired behavior or practice becomes a 
habit, which may ultimately build a food safety culture among food handlers (Ouellette and 
Wood, 1998). Yiannas (2008) describes food safety culture as “how and what food employees of 
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an organization think about food safety, and the behaviors they routinely practice and 
demonstrate”. Food safety culture is mostly affected by management commitment and worker 
food safety behavior (Neal et al., 2012). In response to a Hepatitis A outbreak in Kentucky, it 
was noted that food service workers were more willing to be immunized when the restaurant 
managers were immunized (Carrico et al., 2019). In another study, by Kassa et al. (2010) it was 
found that the presence of a trained and certified food manager was associated with fewer critical 
violations observed in inspection reports of food service operations. This shows that 
management should be at the forefront of advocating for food safety, if a food safety culture 
among employees is to be developed in retail food establishments. 
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Abstract  
Restaurants represent 61% foodborne illnesses in the United States. Cultural differences 
among food handlers may hinder compliance with safe food handling practices in restaurants. 
Due to the September 2017 hurricanes that devastated food businesses in the U.S. Virgin Islands, 
there was a need to identify the top food safety educational needs of food handlers in the U.S. 
Virgin Islands, and to develop and validate a culturally appropriate extension materials to meet 
these needs. Focused interviews based on the FDA Food Code were conducted with 28 
restaurant managers and 7 key informants to identify food safety knowledge and behavior gaps 
in food handling practices. Food safety training flip charts, posters, and signs addressing gaps 
were developed, and their content and cultural appropriateness evaluated before final products 
were disseminated to restaurants. Materials’ impact on food handling practices was evaluated 
after six months. Major food safety concerns were poor hygiene and sanitation, time and 
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temperature abuse of food, cross-contamination, and low-quality food. The need for 
representation of the population’s customs, food, and pictures within the training tool was the 
most cited need. The 6 month impact assessment survey revealed that materials were used to 
train 89 employees, and handwashing, glove use, thermometer use during cooking, and cleaning 
food contact surfaces were the most frequent behavioral changes observed. On-site, culturally 
appropriate food safety education interventions are effective at promoting safe food handling 
practices in culturally diverse populations. 
Key words: food safety education, food service, restaurants 
Introduction  
The U.S. Virgin Islands is a popular tourist destination, and the number of overnight 
tourists was reported to increase by 50% from 2018 to 2019 (52). Restaurants are therefore 
expected to serve this influx of customers at a faster pace. During peak hours, research has 
showed that food workers in restaurants are more likely to work sick, and to eat while working in 
the kitchen (7). By December 2017, USVI had adopted the 2013 version of the Food Code (20) 
as food safety guidelines for their food service establishments and retail food stores, however by 
the time of our study, no research had been done to identify food safety risks specifically within 
the USVI’s food service industry, or to develop interventions to help with compliance with 
recommended practices.  
Foodborne illnesses in retail food establishments have been cited as attributed to handling 
of food by infected person, inadequate handwashing, bare-hand contact by food handlers, cross-
contamination from raw foods of animal origin, inadequately cleaned equipment, and gloved-
hand contact, as well as temperature abuse during cooking and holding of potentially hazardous 
foods (22, 24, 25). Roadside vended food and food from emergence kitchens, although offered a 
reduced price, it has the potential to cause foodborne illness to consumers, due to poor hygiene 
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and inadequate glove changing practices used by vendors and absence of food safety training (3, 
4, 10, 34, 35). The Centers for Disease Control and Prevention also highlights the major risk 
factors contributing to foodborne illnesses in retail food establishment as contaminated 
equipment, food from unsafe sources, time and temperature abuse when holding and cooking, 
and poor personal hygiene and health, and these are commonly encountered in outbreaks.  
Between 2009 and 2019, 76 inspections were conducted in the food /cosmetics 
enterprises in the U.S. Virgin Islands (USVI), and 40 of these had citations issued following non-
compliance that would lead to biological hazards in food (21). In April 2012, a Norovirus 
outbreak that made 20 employees and 46 guests sick occurred in a hotel resort in St. Thomas 
Island, with the first case of a hotel employee, and five days later the first guest reported ill (31). 
It is likely that the Norovirus quickly spread from the employees to the guests. Most of the 
foodborne illnesses go unreported in the Caribbean due to lack of surveillance systems (30), an 
issue that led to the development of the Tourism and Health Program in 2016, that was aimed at 
improving surveillance with tourism and health threats among Caribbean countries (27). In a 
study to evaluate the food safety knowledge of foodservice workers at a university campus in the 
Caribbean (Trinidad and Tobago), it was found that food handlers had inadequate knowledge 
about time temperature control of food, cleaning and sanitation of food contact surfaces, and 
could not identify symptoms of a sick food handler that needed to be excluded from working 
with food (58). 
The U.S Food and Drug Administration’s Food Code provides recommendations for safe 
handling of food in food service establishments, in order to protect the public from foodborne 
illnesses (19). Compliance with recommendations is monitored through routine inspections of 
retail food establishments. Routine inspections involve documenting critical and non-critical 
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violations of the Food Code observed at the establishments. Food handler trainings are the other 
popular intervention that provide food safety knowledge however, at times it does not lead to 
behavioral change (11, 15, 59). This disconnect could be associated with barriers such as lack of 
resources needed for performing different activities, negligence by management, time 
constraints, lack of motivation, or the fact that trainings are usually taken away from the facilities 
where knowledge is supposed to be applied (2, 7, 23, 26, 44). The USVI’s population is diverse 
in race, socioeconomic status, and language (55), (51), and therefore might have unique needs 
that might not be met by the usual trainings offered in the English language, and moreover far 
from retail food establishments. This calls for additional resources such as translation into 
several languages, or using pictures with minimal text to convey food safety messages without 
misinterpretation (37, 39). Onsite culturally appropriate training would encourage food handlers 
to reflect on what they learn, and motivate them to apply the knowledge in ways that may be 
unique for their work place and job expectations (5, 45).  
The purpose of our study was to identify the key food safety concerns within the USVI’s 
food service industry and develop on-site, culturally appropriate food safety education 
programming to address them. The study was done in three stages, starting with a needs 
assessment, followed by development and pilot testing of food safety education materials, and 
lastly evaluation of the impact of the food safety intervention to food handling practices.  
Materials and methods  
The study was conducted in the USVI’s St. John, St. Thomas, and St. Croix Islands, 
starting in the summer of 2018 and continued until spring 2020, following approval by Iowa 
State University’s Institutional Review Board (IRB) Human Subject under IRB ID 18-209 
(Appendix D). The study was done in three phases starting with a needs assessment followed by 
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development and evaluation of food safety education materials and lastly assessing the impact of 
developed materials on food handling practices. 
Phase 1: Needs assessment  
In the summer of 2018, thirty-five focused interviews were conducted with key 
informants (7), restaurant managers and chefs (23), roadside food vendors (3), and cooks in 
kitchens that provide soup assistance (2). A five to ten minutes observation of activities at 
establishments was done after the interview. Survey questions for focused interviews and 
observational study were based on FDA’s Food Code (19), and modified from a validated tool by 
Sneed et al. (48). Topics included temperature control, food preparation, and serving and holding 
practices, food sources, hygiene and sanitation, cross-contamination and food defense (appendix 
A). As per the IRB exemption approval on 05/08/2018 under ID 18-209, participants were 
provided a copy of the interview questions and asked to provide a verbal consent before starting 
interviews. All information except identifiers was taken in a notebook or recorded with an audio 
recorder with permission from respondents, and was kept confidential. Qualitative data including 
establishment characteristics and prevailing food handling practices were obtained. Data was 
continuously transcribed by typing interview responses captured using an audio recorder, and 
analyzed by comparing the temperature control practices, food preparation, serving and holding 
practices, food sources, hygiene and sanitation, cross-contamination and food defense practices, 
to the recommendations of the FDA Food Code. Behavioral gaps and potential food safety risks 
were identified. Related risks were color coded into themes, and the four most frequent themes 
reported.   
Phase 2: Development, evaluation, and pilot testing of food safety education materials 
Food safety education materials addressing identified needs in phase 1 were developed in 
form of flip charts that were to be used during food safety trainings, and posters and signs that 
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were to be post on walls and equipment as reminders about safe food handling practices. All 
three forms of education were in minimum text format to address the identified needs. Given the 
diversity of people in the USVI, pictures of white and brown- and black-colored people were 
used. The choice of intervention was motivated by previous studies that reported improvement in 
food handling practices following interventions such as, food safety trainings and posting food 
safety information in busy areas of retail food establishments (47, 60). All materials were 
evaluated twice, with the first evaluation completed by eleven participants who included 
restaurant managers, and personnel from the health department and University of the Virgin 
Islands Cooperative Extension. The second round of evaluation was done by 24 restaurant 
managers.  
Respondents judged the clarity, design, and content of printed materials using an 
evaluation tool that was published by Rice and Valdivia (1991) with slight modification 
(appendix B). In this tool, nine criteria were evaluated using a Likert scale of 1 to 5, where 1 
meant criteria was not met at all, and 5 meant criteria was totally met. According to Rice and 
Valdivia (1991), printed extension materials could receive a maximum of 45 points, and the 
decision about use of materials depended on scores are shown in Table 3.1. Six additional 
questions about cultural sensitivity of materials and a comments’ section about revision were 
also included. The average total score given by the respondents was calculated using Microsoft 
excel (Table 3.2), and the decision to use materials made according to Table 3.1. The difference 
between the averages of total scores for the two evaluations was tested for significance using 
JMP Pro 15 software, using 0.05 as the significant level. The percentage of respondents that 
answered “yes” or “no” to cultural sensitivity questions was calculated. Participants’ suggestions 
and comments about education materials were also noted. 
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Table 3.1 Score and related decision about revision of materials. 
Score Decision 
40 – 45 points No need for revision before use 
21 – 39 points Revise before use 
0 – 20 points Reject, do not use 
After the first evaluation, materials were modified as requested from feedback, by 
increasing the size of posters, replacing pictures with those reflecting USVI, creating more signs, 
adding more food safety information and translating signs into Spanish language as requested by 
respondents. Modified materials were reviewed and approved by Iowa State University 
Extension and Outreach, and printed as final products. The size of signs was 11” by 8.5”, flip 
chart was 14” by 11”, and posters were 27” by 18”. Printed materials were evaluated in the 
second round by 24 restaurant managers, and the feedback analyzed as in the first evaluation. 
Participating restaurant owners and managers were showed how each of the different materials 
were to be used, and encouraged to take and use them at their facilities to educate employees 
about food safety.  
Phase 3: Evaluating the impact of food safety education intervention on food handling 
practices 
Six months after the phase 2 materials were disseminated, the impact of food safety 
education materials on food handling practices was assessed by conducting electronic survey 
(Qualtrics, Provo, UT- version XM) and paper printed survey with the same questions. This 
survey was completed by 11 restaurant managers and chefs, who reported the changes observed 
in personnel hygiene, preventing cross-contamination, time and temperature control at their 
establishments, factors contributing to changes, and challenges experienced while using 




Characteristics of U.S. Virgin Islands food service industry 
This project was conducted among restaurants, soup kitchens and roadside food vendors 
in the USVI. Most restaurants and soup kitchens provide a variety of foods during lunch and 
dinner hours (11am-9pm). Establishments serve sea food, beef, pork, poultry, fresh produce, and 
dry foods. American, Italian, Asian and Caribbean cooking styles dominate restaurants of U.S. 
Virgin Islands. Some restaurants provide only fruits, smoothies, fruit juices and ice cream, while 
roadside food businesses provide fruits and fruit juices. Most foods were prepared at the 
establishments, while a few homemade juices, veggie burgers and desserts were bought from 
home to sell at the establishment. Three major food distribution companies supply food to retail 
food establishments on the USVI. Occasionally, food items are obtained locally from local 
grocery stores, local fish vendors, and a few produce farms. Respondents reported that most of 
the food used is imported from the United States (California, Florida and Boston), and the 
neighboring islands. Food distribution to restaurants is scheduled on specific days of the week, 
and ferry is the major transport means between islands for both food distributors and the general 
public. On a typical day, distribution takes about six hours, from 8am and serving the last client 
in the afternoon.  
Food handling and preparation in restaurants and soup kitchens is managed by 
experienced chefs, who are also aware of the importance of food safety. The number of people 
working in a restaurant ranges from one to ten (1 to 10), depending on the size of the clientele 
and the diversity of foods prepared. Roadside food vending business on the other hand were run 
by one person who was in charge of all activities for the business including preparation, serving 
and handling money. Managers and chefs in this study reported taking the responsibility of 
teaching other food handlers about appropriate food handling practices. 
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The key informants mentioned that the USVI’s Department of Health requires all food 
handlers to have a health card before they start handling food. The health card is obtained by 
submitting a stool sample which is tested for presence of parasites at the health centers or clinics. 
Healthy individuals are allowed to work with food, while those with positive samples are treated 
until they test negative in three consecutive times. The health card is renewed every 12 months, 
following a similar process. The Department of Health also requires an operation permit for each 
food service establishment, and carries out inspections of establishments annually. The schedules 
for inspections are predictable to food service managers, and this is when restaurants are most 
strict about abiding by food handling regulations. 
Food Safety issues with retail food establishments 
The four major food safety issues in the USVI food service industry were poor hygiene 
and sanitation, temperature abuse, low quality food, and cross-contamination. Poor hygiene and 
sanitation were the leading food safety issue identified, and this theme appeared 67 times. Food 
handlers prepared food with uncovered hair, touched ready to eat food with bare hands and did 
not wash hands between different food prep tasks and before wearing gloves. Food handlers 
worked without aprons, wore jewelry, had painted nails, wore visibly dirty clothes and did not 
wash produce before preparation. Some restaurants had dirty drainages, greasy floors and food 
prep benches, overflowing and uncovered trash cans and dirty reusable towels on food contact 
surfaces. At roadside vendor stations, consumers touched produce several times during purchase, 
vendors sold home made fresh juices packaged in reused water bottles, and did not wash hands 
after touching money. Key informants noted that hygiene and sanitation issues were rare to 




Temperature abuse was the second food safety issue noted, and the theme appeared 43 
times. Respondents at restaurants reported to occasionally receive meats that had thawed and 
refrozen, and produce of low quality. This was corroborated with the long shipping times 
resulting from unpredicted delays in mode of transport between islands. Majority of respondents 
at establishment mentioned that they did not need thermometers when cooking any food, as they 
had enough experience to tell that food was ready by the changes in color, texture, and length of 
cooking time. On some occasions, raw chicken was thawed in sinks overnight, and roadside food 
vendors displayed and stored fruits at room temperature, and in humid environments. Delivery of 
food supplies at some establishments was done at busy hours of the day, when employees were 
too occupied to store frozen and refrigerated food appropriately. Power outages especially during 
late hours of the night challenged maintenance of storage temperatures of food in refrigerators 
and freezers. 
Low quality food was noted 36 times during analysis. Respondents noted that the USVI 
generally receives food that is nearing the end of its shelf life especially dairy and juices, and 
occasionally receive squashed produce that spoils shortly after it is displayed on the shelves in 
stores. At food service establishments, left-over foods were refrigerated without labels to show 
ingredients or use-by dates. 
Cross-contamination theme was noted 26 times. The same equipment such as cutting 
boards, blenders and knives were used to prepare meats, allergen foods, and fresh produce based 
dishes, with only a rinse between tasks. Some cutting boards visibly were chipped and had rough 
surfaces. In some storage units, cooked food, raw food, and ice was stored uncovered in the same 
refrigerators, and therefore stood a high risk of contamination. Respondents reported that 
occasionally, raw meats and produce got mixed up during distribution, and reached food 
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establishments with the produce already contaminated. Key informants noted that restaurants 
were starting to adopt the idea of using color-coded cutting boards and knives with red boards for 
meats, green for produce, yellow for poultry, white for dairy, and purple for allergies. This was 
noted at few restaurants (4%) that acknowledged using color-coded utensils. 
Feedback about food safety education materials 
Food safety education materials as a whole scored an average of total scores 43.0±3.13 
and 44.1±2.2 out of 45 points in the first evaluation and second evaluations, respectively, and 
they were not significantly different (p=0.23). Both scores indicate that materials could be used 
without further modifications (42). Average scores for specific criteria ranged from 4.45 to 4.91 
and 4.75 to 4.96 out of 5 in the first and second evaluations respectively. Scores from both 
evaluations are showed in Table 3.2. Most respondents found food safety education materials 
from phase 2 of the project to be culturally sensitive, meeting education levels and representing 
everyday situations of the target population as shown in Table 3.3. 
Table 3.2 Average score for specific criteria from the first and second evaluations of food safety 
materials. 
Specific criteria Evaluation 1: 
Average ± standard 
deviation (n=11) 
Evaluation 2 
Average ± standard 
deviation (n=24) 
Do materials fully present specific themes? 4.82±0.41 4.88±0.34 
Is the content or message easily understood? 4.91±0.3 4.92±0.28 
Do the illustrations clarify or complement the 
written parts? 
4.91±0.3 4.88±0.34 
Are the size of letters easy to read? 4.45±0.32 4.96±0.2 
Do materials provide a synopsis of the message 
or content? 
4.91±0.3 4.92±0.28 
Do materials have aspects that emphasize 
important ideas such as type, size, style or color 




Table 3.2 Continued 
Specific criteria Evaluation 1: 
Average ± standard 
deviation (n=11) 
Evaluation 2 
Average ± standard 
deviation (n=24) 
Are the writing style grammar, and punctuation 
appropriate for the audience? 
4.82±0.41 4.92±0.28 
Do materials avoid information overload or too 
much writing in one place? 
4.55±0.93 4.75±0.68 
Do materials use language easily understood by 
the target audience? 
4.82±0.41 4.96±0.2 
Average Total scores 43±3.13a 44.1±2.21a 
Average total scores with same superscript are not significantly different (P>0.05). 
Table 3.3 Participants’ response to cultural sensitivity questions. 
 Evaluation 1 (n=11) Evaluation 2 (n=24) 
Question  Yes (%) No (%) Yes (%)  No (%) 
Do materials meet the educational level, cultural, 
geographic and socio-economic characteristics of 
the target population? 
90.9 9.1 100 0 
Has care been given to ensure that materials does 
not offend community traditions? 
90.9 9.1 100 0 
Do materials represent everyday situations? 90.9 9.1 100 0 
Would you use the education materials as they are? 90.9 9.1 100 0 
Do materials need revision or improvement before 
being used? 
54.5 45.5 4.2 95.8 
 
From Table 3.3, in both evaluations more than 90% of respondents found materials to 
meet education level, culture, geographic and socio-economic characteristics of the target 
population. They found materials to represent everyday situations without offending community 
traditions, and that they could be used without modification. In the first evaluation, 54% (n=6) of 
respondents indicated that materials needed revision, while in the second evaluation 95.8% of 
participants agreed that materials did not need revision. 
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Comments and suggestions about food safety education materials in the first evaluation 
included adding more information on cross-contamination and personal hygiene and sanitation, 
reformatting materials by using larger font size, and doubling size of posters, including people 
with dark skin and the USVI related pictures, and translating the materials into other languages 
such as Spanish and Creole. These comments and suggestions were used to modify materials 
before printing final copies. In the second evaluation, training flip chart and signs were the most 
preferred materials due their size and ease of keeping, while posters were rejected by some 
respondents due to the small size of most establishments, without enough kitchen space to 
display them.  
Impact of food safety education materials on food handling practices  
Six months after dissemination of materials, a survey about the impact of materials was 
completed by 11 restaurant managers. This survey revealed that materials had been used by the 
retail food establishments to educate 89 food handlers, and that food handling practices 
improved. Impact assessment results are presented in Table 3.4.           
Table 3.4 Impact of using food safety education materials on food handling practices reported by 
restaurant managers (n=11). 
 Question  Response Number/frequency 
1 Use of materials  Posted them on wall 7 
  Referred to them during training  6 
  Distributed them to employees  2 




 Multiple trainings 5 





Table 3.4 continued 




Personal hygiene (hand washing, trimming finger 
nails, clean clothing, hairnet use, and removal of 
jewelry) 
12 
  Temperature control (timely storage of food at 
delivery and during preparation, using 
thermometer when cooking and installing in 
storage coolers)  
7 
  Cross-contamination (Proper glove use, separate 
cutting boards, cleaning work surfaces, separate 
food in refrigerator) 
8 





Using materials provided to us 5 
 Staff oversight  1 
5 Challenges Difficult to change people’s behavior  4 
  Keeping them on the wall/limited space 2 
6 Additional 
resources  
Create website with information and a quiz 1 
 Use pictures of food with finger nails and spoilt 
temperature abused food  
1 
 Space  1 
 Hiring staff to train on these aspects 1 
 
Regarding behavior change, at least four of the respondents reported that they were 
already practicing proper personal hygiene, temperature control, cleaning food contact surfaces, 
or already had measures to minimize cross-contamination so they did not witness any behavioral 
changes. Respondents in our study had 10 to 40 years of experience working in the food service 
industry, and had worked for at least two years at their establishment at the time of our study. 
Before our project, nine of the respondents had taken some form of food safety training from 
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either a recognized institution such as the Servsafe and food handler training provided by a local 
health department, or from previous chefs. The most recent training had been taken in 2014 (5 
years before our study) while the least recent was taken in 1985 (34 years).  
Discussion  
The Food Code highlights the major risk factors contributing to foodborne illnesses in 
retail food establishments as contaminated equipment, food from unsafe sources, inadequate 
cooking temperatures, improper holding temperatures and poor personal hygiene (FDA, 2013). 
Our needs assessment study revealed four major food safety issues for USVI’s retail food 
establishments as poor hygiene and sanitation, temperature abuse of food, low quality food, and 
cross-contamination, which are consistent with those highlighted by the Food code. These food 
safety issues are related to food handler behavior and present a high risk of foodborne disease 
outbreaks occurring in retail food establishments in the USVI. Poor hygiene practices such as 
bared hand contact of food, failure to change gloves, and poor hand washing practices are 
common in restaurants of the United States, and are the most common critical violations of the 
Food Code (1, 8, 28). Unsanitary conditions are likely to attract pests such as flies into 
restaurants contaminating food and food contact surfaces with E. coli (9). Homemade food such 
as veggie burgers, desserts, and unpasteurized juices have a high risk of causing food poisoning 
due to unsanitary preparation conditions and inappropriate packaging and distributions 
conditions (50). Improper hygiene and sanitation have been attributed to inadequate 
training/knowledge, time constraints, lack of adequate resources, negligence by management and 
employees, and skin drying effects of hand soap (7, 26). Within the USVI, we found that 
management of retail food establishments and the Department of Health did not require food 
handlers to take food safety training prior to working with food, and that restaurants were 
understaffed following the 2017 hurricane Irma and Maria, which further constrained standards 
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when hiring food handlers. Chapter two of the Food Code (2013) requires that food handlers 
keep their hands and exposed parts of their arms clean. Hand washing is to be done in a 
designated sink using clean running warm water, for about 20 seconds, and drying using single 
use towels. Hands are to be washed after using the toilet, before and after handling food, when 
switching between tasks and whenever hands get contaminated. Fingernails are to be trimmed, 
filed and without paint or artificial nails unless gloves are worn. Food handlers are to wear clean 
clothing and no jewelry except a plain ring. To prevent contamination of food, food handlers are 
to eat, drink and use tobacco away from exposed food and food contact surfaces, restrain their 
hair, and wear gloves when working with exposed food. Gloves act as a barrier between hands 
and food, protecting it from contamination, nevertheless hands must still be washed before 
wearing gloves. In our study, we were able to observe violations partly because our arrival at the 
establishments was most of the time unexpected by management. This was contrary to the 
routine inspections from the health department for which management is usually best prepared. 
Time and temperature abuse of food during cooking and holding is one of the major food 
safety risks noted to occur in retail food establishments in the United States. The Food Code 
requires that Temperature Controlled for Safety (TCS) foods are kept at 5oC (41oF) or below, and 
if they are to be served hot, they should be kept at 57oC (135oF) or above, after adequate cooking 
to at least the minimum recommended temperature and time. The minimum cooking 
temperatures for TCS foods include 165oF for poultry, 160oF for ground meats, 160oF for eggs, 
145oF for steak and whole muscle meats, and 145oF for fish. When reheating left-over food, a 
temperature of 74oC (165oF) must be reached for all parts of the food, and held at this 
temperature for 15 seconds. Thawing frozen food is to be done by keeping it under refrigeration 
temperatures (5oC), or completely submerging it under running water at 21oC (70oF) long enough 
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not to increase food temperature above 5oC. Frozen food also can be thawed in a microwave 
oven then cooked immediately, or thawing can be done as part of the cooking process. Cooked 
TCS food is to be cooled from 135oF to 70oF within 2 hours, and takes a total of 6 hours to cool 
from 135oF to 41oF. Cooling and reheating TCS foods should be done rapidly to minimize 
exposure of food to the temperature danger zone. To ensure that all temperature requirements for 
storage, cooking and holding are met, the FDA recommends to use a thermometer as opposed to 
subjective visual methods such as color, texture and hardness (8) that could be influenced by 
other factors, and not correctly reflect doneness and microbial safety. A study (8) that found that 
81% of restaurants in eight U.S states determined doneness of hamburgers by subjective 
measures (color, appearance, texture), yet temperature checks with a thermometer showed that 
12% of hamburgers were undercooked. Failure to cook food to the right minimum temperature 
has been reported to cause Salmonella outbreaks with shrimp and beef roasts (54). Irregular 
power outages as reported in our study is a risk factor for foodborne illness outbreaks (36). This 
undependable power supply, combined with the hot and humid conditions, puts a strain on 
refrigeration that makes the USVI prone to food temperature abuse (16). Temperature abuse of 
food is attributed to barriers such as time constraints, inadequate training/knowledge and lack of 
working thermometers (7, 26). In the USVI, we found that restaurants had thermometers in cold 
storage facilities, however key informants noted that there was a need for food handlers to know 
how to calibrate them. This finding was consistent with those of a study by Robertson et al. (43), 
who reported that 18% to 26% of food handlers in southwestern and southern Virginia grocery-
store delis expressed their desire for training in calibration of thermometers.  
Food close to expiry dates is likely to be unintentionally used after expiry or wasted and 
money lost when food is discarded (49). Since the USVI imports more than 97% of their food, a 
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trend that has increased over the years (17, 57), it continues to rely on the few distribution 
companies to provide food from external food sources for which they have minimum control, 
thus creating a dependence on government’s enforcement of food safety compliance for those 
sources. The States of Florida and California, from which most food is imported experienced the 
highest number of outbreaks related to pork between 1998 and 2015 (46). There is a possibility 
that some of this contaminated food gets imported to the USVI, however without surveillance 
systems, foodborne illnesses go unreported (30). Unlabeled food increases risks of allergen 
contamination, and using expired food. There have been many efforts in the FDA to ensure 
labelling of food due to increasing food allergen concerns, and recalls due to undeclared allergen 
performed (18). Chapter three of the Food Code (2013) requires that food offered at food 
establishments is safe, unadulterated and honestly presented. Food is to be obtained from sources 
that comply with the Law, and not prepared in a private home. Packaged food ought to meet 
labeling requirements, indicating safe handling instructions and any allergens likely to be 
present. When receiving food at the establishment, the Food Code requires that refrigerated 
temperature control for safety food ought to be at 5oC (41oF) or below, or at a temperature 
specified by the Law. Food shipped as frozen is to be received frozen and without evidence of 
temperature abuse. Hot TCS foods are to be received at 57oC (135oF) or above. Food packages 
ought to be received in good condition in order to protect food from adulteration and 
contamination. 
Several cross-contamination practices were identified in our study, which shows risks of 
transfer of pathogens to food, and allergens between foods, potentially causing foodborne 
illnesses to consumers. Cross-contamination continues to be a common challenge in several 
restaurants in the United States (8, 43). Cross-contamination has been linked to poor sanitation, 
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deficient control of ingredients, poor equipment designs, poor hand hygiene, and sharing of 
utensils between food ingredients (12). In some cases, cross-contamination between produce 
cannot be fully corrected by cleaning, using sanitizing solutions or washing with water (56), and 
should therefore be prevented. The Food Code requires that food contact surfaces and equipment 
are designed to have a smooth finish, free of breaks, open seams, cracks, chips, inclusions, pits, 
sharp internal angles, corners, and crevices. Equipment must also be accessible during cleaning 
and inspection, and made of material that is easy to clean. This is to ensure that no residual 
pathogens or allergens remain on the surface after cleaning and sanitizing. For difficult-to-clean 
surfaces such as cutting boards, the FDA encourages designating specific cutting boards for 
meats, poultry and sea food, and a separate cutting board for ready to eat foods such as bread and 
fresh produce (53). 
To address the key food safety issues identified from the needs assessment, food safety 
education materials in the form of training flip charts, posters and signs were developed and 
evaluated prior to dissemination to retail food establishments. Feedback from evaluation of 
materials showed that materials were acceptable, and could be used without further modification  
(42). Improvement in scores (1.125 more points) and acceptability of materials on the second 
round of evaluation although not statistically significant (p=0.23), could be attributed to the 
changes made following comments and suggestions from respondents’ evaluation of the first 
drafts of materials. Most of these were about content presentation, culture appropriateness, and 
translating materials to Spanish. Translation of food safety information from English to other 
languages has been reported to improve food handlers’ knowledge of food safety especially 
among ethnic restaurants in the United States (32, 41). Schiffman (45) also emphasizes that when 
developing and adopting education materials for different communities, aspects such as using 
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people that target groups can relate with, using symbols recognizable by the target group, being 
aware of cultural differences in gestures and facial expressions, and reflecting cultural norms in 
the design of materials should be considered. In addition, printed interventions that use pictures 
and minimal text tend to be more appropriate for target groups that are non-native English 
speakers (39). The FDA Food Code and food safety trainings from accredited companies such as 
Serve Safe are presented in the English language, which is a barrier to food safety compliance 
for retail food establishment with non-native English-speaking employees. Language barrier 
demotivates learning and comprehension of food safety information, presenting a food safety 
risk. This can be addressed through translating food safety information to the employees’ native 
language (6, 32, 37, 41).  
In our impact assessment survey, we found that retail food establishments used our 
intervention to educate management and food handlers about safe food handling practices. 
Managers reported most improvement in personal hygiene that is increase in handwashing 
frequency by employees, wearing clean clothing, hairnets and trimming finger nails. This was 
followed by prevention of cross-contamination, improvement in time-temperature control of 
TCS foods, and lastly cleaning and sanitizing of food contact surfaces. The noted changes in 
behavior reduce risk of contamination of food offered at retail food establishments and potential 
outbreaks. Our study’s results are consistent with other studies that found improvement in food 
handling practices after integrating both food safety knowledge and behavioral aspects in their 
interventions (13, 38, 40, 59, 60). The observed changes could be attributed to the fact that 
education materials presented an opportunity for managers to start a discussion with employees 
about safe food handling practices and possible risks associated with not practicing them. Since 
materials were onsite they provided continuous learning for food handlers, and resources that 
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managers could use as reference during trainings and orientation of employees (5). Most of the 
managers in our study had taken some form of food safety training although greater than five 
years before our project. Managers had at least 10 years’ experience practicing and mastering 
safe food handling practices that they were able to teach to other food handlers with the help of 
our materials. This same conclusion was drawn by Hedberg et al., Kassa et al., and Liggans et 
al., (25, 29, 33) who found that restaurants with certified or trained food service managers have 
employees more likely to practice safe food handling practices and were less likely to appear in 
outbreaks.  Respondents in our study reported experiencing some difficulty in getting people to 
pay attention, and getting them to perform safe food handling practices consistently. This is 
similar to most other studies that found a challenge with translating food safety knowledge into 
behavior (11, 15, 59). This challenge is attributed to barriers such as lack of equipment, 
inadequate necessary resources, time constraints and negligence by the management (2, 7, 23, 
26, 44). Our study however was able to report improvement in food handling practices probably 
because we involved management in the needs assessment and development of materials. We 
also used picture illustrations with minimal text in our materials, and translated materials to 
Spanish a native language of some food handlers. All of these raised interest and demand for 
commitment from the management that later reinforced food handling practices (14), and made it 
easier for food handlers to comprehend and put in practice (39, 45). Our impact assessment was 
conducted six months after the dissemination of materials, which allowed more time for 
managers to complete multiple trainings as noted in our study, and focus on areas that needed 
more attention at their establishment. Food handlers also had more time to internally process the 
information provided, ask questions when they needed clarification, and integrate new ideas with 
what was already known, thereby giving opportunity for long-term behavioral change. This is 
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contrary to most food safety training interventions that provide a pre-test and a post-test which 
are usually less than two months apart (44, 59), where gradual changes may not be easily 
noticed.  It should be noted that the results of our impact assessment study were reported by the 
managers of retail food establishments and not independently observed by researchers, 
something that might have caused bias.  
Conclusions 
The needs assessment of our study revealed that the most prevalent food safety risks of 
retail food establishments of the USVI were poor hygiene and sanitation, time and temperature 
abuse of food, cross-contamination, and low quality of food ingredients. These increase the 
likelihood of contamination of food with pathogens, and the chances of occurrence of outbreaks. 
In our study, food safety education intervention in the form of training flip chart, posters and 
signs needed to be modified by using illustrations that participants were familiar with, and also 
translated to into Spanish, a native language of some food handlers, prior to implementation and 
behavioral change. Food safety interventions for niche populations are more impactful and 
accepted when they consider the specific needs of the population and their culture. Onsite food 
safety education materials provide an opportunity for regular and continuous food safety 
education, and could therefore contribute to building a food safety culture among food handlers. 
Based on the findings in our project, we recommend that inspections of retail food 
establishments by the health department are conducted unannounced and more frequent so that 
facility operators are always up to date with required practices. Food safety classes for all food 
handlers need to be revived and supported by the Department of Health, and made mandatory in 
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Abstract 
Fresh produce often is associated with foodborne disease outbreaks in the United States, 
with produce growing areas identified as the source of contamination. Growers in distinct 
populations could benefit from food safety education that addresses their specific needs. This 
project aimed to develop culturally appropriate food safety extension materials to address the top 
food safety concerns on produce farms of the U.S. Virgin Islands. Focused interviews were 
conducted with 14 produce farm managers and owners, to identify food safety needs on the 
farms. Survey questions for focused interviews were based on the Food Safety Modernization 
Act Produce Safety Rule. Knowledge and behavior gaps were color coded into themes and the 
four most frequent ones noted. Training flip charts, posters, and brochures addressing needs were 
developed, and evaluated by eight farm managers and educators for quality and cultural 
appropriateness. Modifications were made and final products printed and disseminated to 18 
farm managers for a second evaluation and use for education of farm personnel. After six 
months, materials’ impact on produce growing and handling practices was assessed. The needs 
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assessment revealed that the top food safety concerns on produce farms were: water quality 
facility sanitation hygiene and health of personnel and insufficient employee food safety training. 
Feedback from evaluations revealed that materials could be used without major modifications, as 
they scored an average of 43.6±1.9 points, and 42.4 ± 3.2 points out of 45 points on the first and 
second evaluation respectively. Pictures illustrations in the first draft of materials needed to be 
altered and made more culturally appropriate prior to the second evaluation. Impact assessment 
survey revealed that produce safety materials were being used on the farms and respondents 
noted increased frequency of cleaning of harvested produce and food contact surfaces, and 
handwashing. Some farms started treating water for postharvest handling, increased time interval 
between manure application and harvest, and controlled animal access to produce fields through 
fencing.  
Introduction 
Despite the general decrease in total foodborne disease outbreaks over the years in the 
United States, fresh produce continuously is implicated in foodborne disease outbreaks in 
increasing proportions (Bennet et al., 2018). Between the years 1998 and 2013, fresh produce 
was estimated to cause 972 outbreaks that accounted for 34674 illnesses, 2315 hospitalizations 
and 72 deaths (Bennet et al. 2018). Produce implicated in these outbreaks were vegetable row 
crops (38%) such as lettuce and spinach, fruits (35%) such as melons, seeded vegetables (11%), 
sprouts (7%) and herbs (2%). Norovirus (54%), Salmonella enterica (21%), and Shiga toxin-
producing Escherichia coli (10%) were the most common pathogens (Bennet et al., 2018).  
The absence of a kill step during handling of harvested produce, coupled with farm 
practices which contaminate produce, increase risks of outbreaks occurring (Baert et al., 2009). 
Produce farms present high risks of contaminating produce before and after harvest. Pathogens 
on the farm come from untreated biological soil amendments of animal origin such as manure, 
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contaminated irrigation water, personnel, wild and domestic animals (James, 2006; Islam et al., 
2004; Islam et al., 2005; Crook et al., 2017; Probert et al., 2017; Solomon et al., 2002a; Solomon 
et al., 2002a; Solomon et al., 2003). Fresh produce farms are therefore prone to foodborne 
disease outbreaks, for example the August 2015 outbreak of Shiga toxin producing Escherichia 
coli 0157:H7 in salad leaves and was traced back to farms were the produce was grown with 
investigations revealing that animal feces as source of contamination (Mikhail et al., 2018). 
Another example is the 2018 multistate outbreak with E.coli 0157:H7 in romaine lettuce that was 
traced back to the Yuma growing region where the pathogen was assumed to have come from a 
concentrated animal feeding operation close to the produce farm’s water source (CDC, 2018). 
The Food Safety Modernization Act Produce Safety Rule (PSR) highlights key areas of 
concern for fresh produce on the farm as agricultural water quality and testing, biological soil 
amendments of animal origin, domestic and wild animals, worker health and hygiene, and 
equipment, tools and buildings (FDA, 2019). The PSR provides scientifically validated minimum 
requirements for minimizing contamination from such items during growing, harvesting, 
packing, and holding of fruits and vegetables grown for human consumption, with emphasis on 
those that are likely to be consumed raw.  
The 2007 Agriculture Census showed that the U.S. Virgin Islands (USVI) was dedicating 
more acres of land to the growing of fruits and vegetables (USDA, 2009), some of which are 
likely to be consumed raw. The census also reported that farms obtained water from cisterns, 
wells, ponds which they use to run activities such as irrigation (USDA, 2009). A summer 2019 
survey of cisterns in households revealed that 4 in 5 cisterns were positive for E.coli, and some 
had Salmonella (VI Consortium, 2020). This shows a risk of contaminating produce during 
irrigation and postharvest handling if water is not treated. Although most produce farms in the 
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USVI would be exempt from the requirements of the produce safety rule, we encourage a 
positive attitude towards food safety. Mosquera et al., (2013) also assert that following FSMA 
regulations among the Caribbean countries including USVI is likely to present opportunities for 
agricultural exporters and to provide high quality and safe food to the destination markets. The 
USVI is culturally diverse with different races including, African American, White, and Hispanic 
(VI Moving center, 2017). The people also have different levels of education and speak different 
languages including English and Spanish as the most common (VI Moving center, 2017). This 
diversity presents a challenge with compliance to on-farm produce safety requirements. 
Our study aimed to identify food safety concerns on produce farms in the USVI, and 
develop culturally appropriate produce safety education materials addressing those needs. The 
study was done in three phases, starting with a needs assessment, followed by developing and 
pilot testing of food safety education programing for farmers, and finally evaluating the impact 
of the intervention on produce farm practices. 
Materials and methods  
The study was conducted in the USVI St. John, St. Thomas, and St. Croix islands, 
starting in the summer of 2018, and continued until spring 2020, following approval by Iowa 
State University’s Institutional Review Board (IRB) Human Subject under IRB ID 18-209 
(Appendix D). The study was done in three phases starting with a needs assessment followed by 
development and evaluation of produce safety education materials, and lastly assessing impact of 
materials on fresh produce growing and handling practices. 
Phase 1: Needs assessment 
Focused interviews were conducted with fourteen farm managers and owners, with 
survey questions based on the FSMA Produce Safety Rule (FDA, 2019). Interview questions 
were adopted and modified from the On-Farm Readiness Reviews by the National Association of 
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State Departments of Agriculture (NASDA). The topics covered included water use and quality, 
biological soil amendments, control of pests, disease and weeds, control of wild and domestic 
animals, harvesting and postharvest handling, personnel hygiene and health, processing, and 
produce safety related trainings taken by farmers (appendix A). With guidance from University 
of the Virgin Islands Cooperative Extension Service on St Thomas, and the EARTH Program on 
St. John, produce growers regardless of farm size were identified and recruited to participate in 
the study. As per the IRB exemption approval on 05/08/2018 under ID 18-209, participants were 
provided a copy of the interview questions and asked to provide a verbal consent before starting 
interviews. All information except identifiers was taken in a notebook or recorded with an audio 
recorder with permission from respondents, and was kept confidential. 
Qualitative data including farm characteristics and prevailing fresh produce handling 
practices were obtained. Data continuously were transcribed by typing interview responses 
captured using an audio recorder, into Microsoft Word, and then analyzed by comparing the 
farms’ water use and quality, biological soil amendments, control of wild and domestic animals, 
harvesting and postharvest handling, personnel hygiene and health, processing, and produce 
safety training practices to the requirements of the PSR. Potential risks to food safety that were 
identified, were color coded into themes, and the four most frequent themes reported. 
Participants were recruited until no new themes were identified. 
Phase 2: Development, evaluation, and pilot testing of food safety education materials 
The second phase involved development, evaluation and pilot testing of food safety 
education materials addressing the needs identified in phase 1. Education materials were in the 
form of flip charts and posters that could be used during food safety trainings, and brochures to 
handout to farmers. All three forms of education were designed with few words and picture 
illustrations to address the identified needs. Given the diversity of people in the USVI, pictures 
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of white, brown and black-colored people were included. All materials were evaluated twice, 
with the first evaluation completed by eight produce farm managers and trainers from University 
of the Virgin Islands Cooperative Extension Service. The second round of evaluation was 
completed by 18 produce farm managers. 
Respondents judged the clarity, design and content of printed materials using an 
evaluation tool that was published by Rice and Valdivia (1991) with slight modification 
(appendix B). In this tool, nine criteria were evaluated using a Likert scale of 1 to 5, where 1 
meant criteria was not met at all, and 5 meant criteria was totally met. According to Rice and 
Valdivia (1991), printed extension materials could receive a maximum of 45 points, and the 
decision about use of materials depended on scores are shown in Table 4.1. Six additional 
questions about cultural sensitivity of materials and a comments’ section about revision were 
also included. The average total score given by the respondents was calculated using Microsoft 
excel (Table 4.2). The difference between the averages of total scores for the two evaluations 
was tested for significance using JMP Pro 15 software, using 0.05 as the significant level. The 
decision to use materials was made according to Table 4.1. The percentage of respondents that 
answered “yes” or “no” to cultural sensitivity questions was calculated. Participants’ suggestions 
and comments about education materials were also noted. 
Table 4.1 Score and related decision about revision of materials. 
Score Decision 
40 – 45 points No need for revision before use 
21 – 39 points Revise before use 




After the first evaluation, materials were modified according to feedback from 
respondents, by replacing pictures with those of the USVI. Modified materials were reviewed 
and approved by Iowa State University Extension and Outreach, and printed as final products. 
The size of brochures was 11” by 8.5”, that of the flip chart was 14” by 11”, and that of posters 
was 36” by 14”. (Link to brochure: https://store.extension.iastate.edu/product/15826). Printed 
materials were evaluated and pilot tested again to 18 produce growers and educators, and 
feedback analyzed as in the first evaluation. Participants were showed how each of the different 
materials were to be used, and encouraged to take and use them at their farms to educate 
employees about food safety. 
Phase 3: Evaluating the impact of food safety education intervention on fresh produce 
growing and handling practices 
Six months after the phase 2 materials were disseminated, the impact of food safety 
education materials on food handling practices was assessed by conducting electronic survey 
(Qualtrics, Provo, UT- version XM) and paper printed with the same questions. The survey was 
completed by 11 produce farm managers, who reported the changes witnessed with personal 
hygiene, biological soil amendments of animal origin, water quality, sources and testing, as well 
as measures for controlling access of animals on produce farms during the growing season 
(appendix C).  
Results  
Characteristics of produce farms 
Produce farms in the USVI in our study were characterized by growing a diversity of 
fruits and vegetables, on land sizes ranging from less than one acre to 18 acres. Some of the 
produce grown by farmers were likely to be consumed raw, as shown in Table 4.2. Thirty-six 
percent (n=5) of the respondents were involved in processing different blends of drinks from 
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locally available fruits and spices such as water melon, lemon, mangoes, soursop, sorrel, 
turmeric, ginger, lemon grass, moringa, nutmeg, hibiscus and guinea grass. 
Table 4.2 Produce grown on the U.S. Virgin Islands’ farms (n=14), with categories of those 
covered by the Produce Safety Rule. 
Produce  Number of farms 
growing  
Produce Safety Rule (yes = covered, no 
= not covered) 
1. Collard greens 9 No  
2. Kale 6 Yes  
3. Eggplants  6 No  
4. Peppers  6 Yes  
5. Lettuce  4 Yes  
6. Cabbage 4 Yes  
7. Okra 3 No  
8. Tomatoes 3 Yes  
9. Pumpkins  2 No  
10. Carrots  4 Yes  
11. Dashin  1 --- 
12. Tania 2 --- 
13. Sweet potatoes  1 No 
14. Broccoli  1 Yes  
15. Squash  1 Yes  
16. Plantain  3 Yes  
17. Avocadoes  2 Yes   
18. Mangoes 9 Yes  
19. Soursop  11 Yes  
20. Papaya  4 Yes  
21. Sugar apples  4 --- 
22. Bananas 3 Yes   
23. Corn  2 No  
24. Turmeric  2 Yes  
25. pineapple 2 Yes  
26. Cherries  1 Yes  
27. Sugar cane 2 --- 
28. Swiss chard 1 Yes  
29. Carambola 1 Yes  
30. Sorrel 1 --- 
31. Herbs  2 Yes  
%  covered   63.3% covered by PSR  
 
Family labor dominated all activities on 79% (11) of the farms, while 21% (3) also used 
hired labor and help from student interns. The number of people working on farms ranged from 
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one to four. Produce is grown for home consumption, donation to soup kitchens, capacity 
building for the young people and the local community, and for income generation through sell 
at farmers’ markets and distribution to restaurants.  
Food Safety issues on produce farms 
Our study determined that the major food safety issues on produce farms in the USVI are 
inadequate water quality, poor hygiene and health of personnel, poor sanitation and insufficient 
produce safety training by personnel, as elaborated in the next sections. 
Water quality 
Water quality was stated the most often as a produce safety issue by participants from 
produce farms, and was identified from 93% (n=13) of the respondents. Farmers rely on more 
than one water source for running several activities. Table 4.3 illustrates the different water 
sources and percentage of farms that use them.  
Table 4.3 Water sources for produce farms (n=14) in the U.S. Virgin Islands. 
Water source Percentage of farms 
Cisterns 57% (8) 
Underground wells 36% (5) 
Surface water (dams, ponds, and pools), 50% (7) 
Runoff water collected from roads (grey water), 14% (2) 
Department of Agriculture 7%  (1) 
Prepackaged water from the stores 7% (1) 
 
Water is used in a vast number of activities including irrigation of crops, cleaning of 
produce and harvest containers, human consumption, feeding animals and handwashing. Water 
used for irrigation and feeding animals is obtained from surface water sources and grey and 
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home cisterns. Twenty nine percent (n=4) of farms use drip irrigation, 50% (7) use hand held 
hose to irrigate crops while 7% (1) use overhead irrigation. Despite the enormous uses of water 
on produce farms, 80% of water sources had never been tested for microbial quality. In addition, 
most water is not treated to reduce cross-contamination before performing most covered 
activities on farms. A few farms (21%) employed quality maintenance techniques such as 
testing, filtration and cleaning of cisterns using bleach and chlorine, however this was not done 
on a regular basis. Quality tests from 2 underground wells were found to have a high mineral 
content, and their water was declared not drinking quality, but could be used for irrigation.  
Hygiene and health  
Insufficient hygiene and health were identified from 93% (n=13) of the respondents. This 
was characterized with most farms not requiring harvesting team to wash their hands before 
harvesting produce. In addition, farms lacked visitor and worker policies regarding hand 
washing, glove use, jewelry and hair in the most critical activities like harvesting, postharvest 
handling, and processing. Seventy nine percent (n=11) of farms did not have established sick 
policies to prevent sick people from getting into contact with produce or food contact surfaces. 
Only one respondent acknowledged using hand sanitizers.  
Sanitation  
Inadequate sanitation was identified from 86% (n=12) of the respondents. This challenge 
was characterized by farms not cleaning and sanitizing produce contact surfaces like tools and 
harvest containers. Fifty seven percent of farms reused cardboard boxes obtained from grocery 
stores to harvest and distribute produce. The boxes were used until they looked physically dirty, 
or became ripped. Fourteen percent of farms used baskets and wooden containers for harvesting 
and postharvest handling. One farm used sponge as a cushion when harvesting bananas. Some 
farms used plain water from cisterns to wash produce, while others added bleach, vinegar or 
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produce soap to the wash water, without monitoring concentrations, pH, and temperature of wash 
water. One farm never washed produce before packaging and another one admitted harvesting 
dropped produce that did not have visible blemishes. Farms did not have procedures for 
assessing or detecting potential contamination in fields during the growing season. Of the five 
farmers involved with processing, 60% (3) made fresh unpasteurized juices while 40% (2) reused 
water bottles for packaging it.  
Produce safety training  
Eighty six percent (n=12) of the respondents had not taken any training related to produce 
safety on the farm or hazard analysis and control during food processing. This could be the 
reason for the identified produce safety issues of inadequate sanitation, hygiene and health, and 
water quality. The two respondents that had taken the Good Agricultural Practices (GAP) 
training and Organic farming practices training at the time of this study, were the ones that had 
their water tested for microbial quality. 
Feedback about produce safety education materials 
Education materials as a whole scored an average of 43.6±1.9 out of 45 points in the first 
evaluation, and 42.4 ± 3.2 points in the second evaluation, and the two scores were not 
significantly different (p=0.238). The scores indicate that materials could be used without further 
modifications (Rice and Valdivia, 1991). All specific criteria scored at least 4 on a scale 1 to 5, 
indicating good quality and potential for use by participants. Average scores for each criteria in 





Table 4.4 Average score for specific criteria in each evaluation. 
Specific criteria Evaluation 1 
Average ± standard 
deviation (n=8) 
Evaluation 2 Average 
± standard deviation 
(n=18) 
Do materials fully present specific themes? 4.88 ± 0.35 4.61±0.50 
Is the content or message easily understood? 4.63 ± 0.52 4.78±0.43 
Do the illustrations clarify or complement 
the written parts? 
5.00 ± 0.00 4.72±0.57 
Are the size of letters easy to read? 5.00 ± 0.00 4.83±0.38 
Do materials provide a synopsis of the 
message or content? 
5.00 ± 0.00 4.72±0.46 
Do materials have aspects that emphasize 
important ideas such as type, size, style or 
color of certain parts? 
4.75 ± 0.46 4.39±0.78 
Are the writing style grammar, and 
punctuation appropriate for the audience? 
4.88 ± 0.35 4.78±0.43 
Do materials avoid information overload or 
too much writing in one place? 
4.75 ± 0.46 4.67±0.69 
Do materials use language easily 
understood by the target audience? 
4.75 ± 0.46 4.89±0.32 
Average of total scores   43.6 ± 1.9b 42.4±3.22b 
Average total scores with the same superscript are not significantly different (P>0.05). 
Food safety education materials also were found to be culturally sensitive, meeting 
education levels, and representing their everyday situations after two rounds of evaluation. Table 






Table 4.5 Participants’ responses to questions about cultural sensitivity of materials in the two 
evaluation phases. 
 Evaluation 1 (n=8) Evaluation 2 (n=18) 
Question  Yes (%) No (%)  Yes (%) No (%)  
Do materials meet the educational level, cultural, 
geographic and socio-economic characteristics of the 
target population? 
87.5 0 88.9 11.1 
Has care been given to ensure that materials does not 
offend community traditions? 
87.5 0 94.4 5.6 
Do materials represent everyday situations? 62.5 25 94.4 5.6 
Would you use the education materials as they are? 75 12.5 100 0 
Do materials need revision or improvement before 
being used? 
37.5 62.5 11.1 88.9 
  
In the first evaluation, respondents requested replacement of pictures of Iowa fields in the 
first draft with Virgin Islands’ fields, and to include people of color and their food. Materials 
were modified by using pictures that reflect USVI’s people, gardens, food and culture, before 
printing and dissemination to farms for a second evaluation and use (see Figure 4.1). In the 
second evaluation, participants requested for more food safety training, and reducing the size of 
posters since they were too big. Respondents raised concerns about foods not covered by the 
Produce Safety Rule yet are consumed raw in the USVI. Such produce include okra and collards. 
The flip chart and brochure were the most preferred materials due their small size and ease of 
keeping, while posters were rejected by few respondents due to their large size.   
 
Figure 4.1 Photograph of Iowa vegetable (produce) field (left) replaced by photograph of 
produce field in the U.S. Virgin Islands (right). 
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Impact of food safety education materials on produce growing and handling practices  
A survey to evaluate the impact of materials on practices was completed by 11 restaurant 
managers. This survey revealed that food safety flip charts, posters and brochures had been used 
at the produce farms to educate 14 employees, and practices and behavior changes had been 
observed (Table 4.6).  
Table 4.6 Impact of food safety education materials on produce growing and handling practices 
reported by farm managers (n=11). 
 Question Response  Number/ frequency 
1 Use of materials Posted on the wall 5 
  Referred to them during training  6 
  Distributed them to employees 2 
2 How often were materials 
used 
Ongoing (on the wall) 5 
  More than once  4 
  Once  3 
3 Behavioral changes 
witnessed 
Personal hygiene (Hand washing, 
clothing, sick policy, hand sanitizer use) 
12 
  Cleaning (food contact surfaces, 
harvesting tools, harvesting containers, 
produce, discontinued sell of dropped 
produce) 
18 
  Water use and quality (water treatment, 
change irrigation water source and 
irrigation method)  
10 
  Soil amendments (monitoring 
composting, changed application 
method, increase time interval before 
application and before harvesting) 
7 
  Domestic and wild animals (fencing, 





Table 4.6 continued 
 Question Response  Number/ frequency 
4 Contributing factors Training materials and workshops 
increased knowledge and awareness 
7 
5 Challenges  Posters were too large  1 
  Changing from what is normal to the 
right thing 
1 
  Timing and weather conditions 1 
  No challenge  6 
6 Additional resources  Support from Department of Agriculture 
and UVI extension 
2 
  Access to better water testing  1 
  Future funding  1 
  Small cleanable posters 1 





Most (63.3%) of produce grown on farms in the USVI are likely to be consumed raw 
based on the Produce Safety Rule (Table 4.2). Such raw agricultural commodities need to be 
grown and handled in ways that prevent contamination with pathogens, since there is not likely 
to be a kill step prior to consumption. This study determined the food safety issues on produce 
farms in the USVI to be inadequate water quality, poor hygiene and health of personnel, poor 
sanitation and insufficient produce safety training by personnel. The Produce Safety Rule 
addresses areas of concern for fresh produce and these include agriculture water quality and 
testing, biological soil amendments of animal origin, sprouts, domestic and wild animals, worker 
training and health and hygiene, and equipment, tools and buildings (FDA, 2019). These are the 
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key areas through which fresh produce gets contaminated, and at which critical control measures 
would help to prevent or reduce contamination on the farm.  
In our study, water quality was a major issue with farms using surface water sources and 
grey water that had never been tested for microbial quality for crucial activities such as 
irrigation. Surface water sources have a high risk of contamination with pathogens, since they are 
exposed to the environment including wild and domestic animals and birds, and run-off from 
compost piles (Crook et al., 2017; Probert et al., 2017; Alderisio and DeLuca 1999). Cisterns for 
water collection and storage were the main sources of water on the farms. A survey of 400 
household cisterns in the USVI reported that four in five cisterns contained E.coli (VI 
Consortium, 2020). This indicates a need to treat water before using it for covered activities 
especially postharvest handling of fresh produce. Overhead or sprinkler irrigation methods used 
on farms in our study increase the risk of contaminating produce before harvest, as they directly 
contact produce and can easily splash contaminated soil on to edible portions of crops that grow 
close to the ground (Solomon et al., 2002a; Solomon et al., 2003; Atwill et al. 2015; Lee et al., 
2019). Water was also reported by Pires et al. (2012) as a common source of Shigella spp, E.coli 
and Vibro cholerae in Latin America and several Caribbean countries. The Produce Safety Rule 
requires that agricultural water is tested regularly, and that water used before harvest should have 
not more than 126 CFU/100mL, while postharvest water must not have any detectable levels of 
generic E.coli (FDA, 2019). In case pre-harvest water does not meet the required standards, 
longer harvest intervals are encouraged as these allow microbial death due to drying and UV 
light (Allende and Monaghan, 2015). 
Inadequate hygiene and health of personnel was the other key issue on produce farms in 
our study. Personnel whether healthy or sick can transfer pathogens to fresh produce and food 
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contact surfaces when they fail to wash their hands properly (Monaghan and Hutchison 2016). 
The Produce Safety Rule requires that sick personnel and visitors with communicable illnesses, 
infection, vomiting, jaundice, and diarrhea are excluded from working with fresh produce, to 
minimize contamination to produce and transmission to other personnel. Handwashing before 
starting to work with produce, and eating or smoking away from the produce fields are 
recommended practices. Produce farms are required to have well stocked handwashing stations 
in the fields, as well as rest rooms located within a quarter mile distance from the fields. These 
practices are aimed at preventing contamination from farm personnel. Amidst water scarcity 
conditions such as those in the USVI, two-step alcohol-based hand sanitizers may make good 
alternatives to handwashing, as they are effective at reducing microbial load from hands (de 
Aceituno et al., 2016), and can reduce levels of E.coli (Edmonds et al., 2010) and fecal 
streptococci (Pickering et al., 2010). 
Inadequate sanitation practices encountered on produce farms in our study increase risks 
of contamination fresh produce. Harvesting and packing containers used by farms cannot be 
cleaned effectively and therefore could harbor pathogens and contaminate produce. Cross-
contamination is also likely to occur when dropped produce, and produce contaminated by 
animal feces while in the field is mixed with the good produce during harvesting. Farmers were 
involved in making juices from their harvested produce at home, reusing water bottles for 
packaging, and selling it unpasteurized to the general public on farmers’ markets. This practice 
could result into foodborne illnesses, given the unhygienic and unsanitary conditions during 
processing, and the fact that juice is not pasteurized to reduce microbial load (Abrokwah et al., 
2020). The Produce Safety Rule prohibits harvesting dropped covered produce, as well as 
produce contaminated with feces while in the field. It also requires that all food contact surfaces 
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of equipment and tools used in covered activities are inspected, maintained, and cleaned, and 
whenever necessary and appropriate, sanitized to protect against contamination of covered 
produce. Cleaning is to be done using water with no detectable generic E.coli per 100mL, which 
can only be known through testing. 
Produce safety training was lacking among most of the respondents. Training provides 
knowledge needed to make critical decisions to prevent contamination when working with fresh 
produce. In our study, the two farm managers that had taken training in good agricultural 
practices and organic farming endeavored to use low food safety risk containers for harvesting 
and packaging of produce on their farms, and also required hand washing for workers before 
harvesting. This is consistent with findings by Soon and Baines (2012) who reported that food 
safety knowledge of new produce farm workers and their likelihood of washing hands increased 
after taking a food safety training. The Produce Safety Rule requires that personnel and 
supervisors especially those involved in growing, harvesting, packing and holding produce 
receive adequate training upon hiring and are retrained at least annually. Training must cover 
principles of food hygiene and food safety and importance of health and personal hygiene. In 
addition to these, harvesters are to be trained how to recognize produce that must not be 
harvested, to inspect and clean harvest containers or equipment, and to correct problems that 
harvest containers might have. Specific hygiene practices such as hand washing, removing or 
covering jewelry, and not chewing or smoking on farm are to be emphasized during training. 
Our produce safety education intervention (training flip chat, posters and brochures) was 
received and implemented after modifications that made materials representative of the USVI. 
The final materials disseminated complied with recommendations provided by Schiffman (1995) 
(45) (46) (46) (45), for developing visual education materials for different cultures. In addition, 
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potential differences in language and literacy levels was addressed through using pictures and 
minimal text that are easy to understand (Rajagopal, 2012). It may be challenging to fully 
understand and incorporate the culture of the target group when developing extension 
interventions. In our study, the target population (produce growers) evaluated the drafts of food 
safety education materials and provided feedback on what needed to change to make materials 
more culturally sensitive. The average of total scores given by respondents were not significantly 
different in both evaluations (p=0.238), and materials could be disseminated without revision. 
Six months after dissemination of food safety flipcharts, posters, and brochures to growers, an 
impact assessment survey revealed that materials were being used for education. Behavioral 
changes were reported in aspects of cleaning of produce and food contact surfaces, personal 
hygiene especially with handwashing, increased water treatment and better water source 
selection for performing covered activities, increase time interval between manure application 
and harvest, and control of animal access to fields through fencing. Respondents attributed 
changes observed on their farms to our food safety training materials that we distributed during 
workshops, as they increased their knowledge and awareness of food safety risks and their 
prevention. Such behavioral changes reduce the risks of contamination of fresh produce at the 
farm level (Franz et al., 2008; Monaghan and Hutchison, 2016; Johnson et al., 2014), and the 
possibility of pathogen transfer along the continuum where they would lead into outbreaks. Our 
study provided printed materials with minimal text and picture illustration that made it easier to 
comprehend the information (Rajagopal, 2012; Schiffman, 1995). A similar conclusion was 
drawn by Soon and Baines (2012) who found that produce farm workers increased their 
knowledge of food safety and showed preference for visual techniques. Our project focused on 
reducing produce safety risks on farms, especially those mentioned in the Produce Safety Rule. 
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Within a six months period, produce growers had started practicing the required safe produce 
growing and handling practices. With a positive attitude towards food safety, respondents in our 
study requested support from the University of the Virgin Islands, and the U.S Department of 
Agriculture, and also requested for more water testing facilities, all of which are necessary for 
behavioral change. It is likely that the number of produce associated outbreaks will reduce if 
more produce growers irrespective of size adopt practices that minimize contamination of fresh 
produce on their farms. Astill et al., (2019) report that within sixteen years of Good Agricultural 
Practices, the number of produce growers that had adopted recommended practices had increased 
over the years. 
Conclusions 
Our project’s needs assessment revealed that the most prevalent food safety risks on fresh 
produce farms in the USVI were inadequate water quality, poor hygiene and health of personnel, 
poor sanitation and lack of produce safety training by personnel, similar to the top concerns 
emphasized in the Produce Safety Rule as sources of fresh produce contamination and therefore 
foodborne illnesses. The food safety intervention we developed and the results of its evaluation 
showed the importance of considering specific needs of niche populations, and conveying food 
safety information using multiple formats and with illustrations that the target populations can 
identify with. Overall, onsite food safety education resources provide tools for continuous 
learning by produce farm employees, and motivation to engage in safe food handling practices. 
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CHAPTER 5.    GENERAL CONCLUSION  
The safety of a nation’s food system is a responsibility of all actors involved in the 
production, processing, distribution, storage, and retailing of food. Fresh produce and retail food 
establishments are linked to several foodborne disease outbreaks in the United States. It is 
imperative that potential food safety risks are recognized and preventive measures taken by all 
actors to ensure that food presented to the general public is safe. The major risks leading 
foodborne illnesses in retail food establishments are contaminated equipment, food from unsafe 
sources, time and temperature abuse when holding and cooking, and poor personal hygiene and 
health. These risks are addressed through the FDA’s Food Code, which provides 
recommendations on how to minimize them. On the other hand, the major sources of 
contamination of fresh produce on farms are agricultural water, biological soil amendments of 
animal origin, domestic and wild animals, workers, and equipment, tools and buildings. The 
FSMA Produce Safety Rule provides science based minimum requirements to prevent 
contamination that is likely to occur from these areas. Compliance with recommendations and 
requirements by the target populations depends on several factors, and is affected by specific 
barriers that should be addressed.  
In contribution to the overall goal of achieving a safe food system in the United States, 
our project sought to address food safety issues in the U.S. Virgin Islands (USVI) through food 
safety education. We targeted retail food establishments and fresh produce farms, as these are 
most common in outbreaks. We started by conducting needs assessment through focused 
interviews and observations in order to understand the specific food safety concerns with the two 
groups, so that we could tailor our intervention targeting these needs. Our intervention provided 
culturally acceptable food safety training materials in the form of training flipcharts, posters, 
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signs and brochures that were to be used by managers to provide continuous food safety 
education to their employees. In the second phase of our project, we found that picture 
illustrations used in the developed education materials needed to be made more representative of 
the USVI. The survey of the impact of our intervention on food and produce growing or handling 
practices revealed that our materials were being used by the restaurant and farm managers to 
educate themselves and food handlers on how to minimize the risks of contaminating food. 
Respondents in retail food establishments observed improvement in person hygiene practices, 
temperature control of potentially hazardous foods, preventing cross-contamination, cleaning and 
sanitizing food contact surfaces. Produce farm managers observed behavioral changes in aspects 
of cleaning of produce and food contact surfaces, personal hygiene especially with handwashing, 
increased water treatment and better water source selection for performing covered activities, 
increase time interval between manure application and harvest, and control of animal access to 
produce fields through fencing. The achieved behavioral changes in both populations will reduce 
contamination of food, and prevent potential outbreaks from occurring in the USVI. 
Our project had a number of limitations which included little to no literature about the 
USVI food industry, and different samples sizes of participants were used in all three phases of 
the project. Survey participants were not randomly selected, and representation was not equal for 
the three islands. In the last phase of the project, managers reported behavioral changes observed 
at their farms and establishments which could have biased the results. Nevertheless, for the 
participants in our project, we conclude that on-site, culturally appropriate food safety education 
interventions are effective at promoting behavioral change among personnel and change of 
practices within restaurants and produce farms with culturally diverse populations.  
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Future extension programming would benefit from investing in learning about the culture 
of their target populations, as this will increase acceptance of their interventions. Research 
focused on changing behavior of participants may use more observation strategies rather than 
self-reported practices, because respondents who know what they should do are more likely to 
claim that they are compliant. Food handlers should be included as respondents because they 






APPENDIX A.    NEEDS ASSESSMENT SURVEY TOOLS 
 
 Retail food establishments  
U.S. Virgin Islands 
Summer 2018 
 Focused interview questions for key informants  
1. What agencies oversee food safety and health on the Island? 
2. What is the role of a public health official in food safety and quality (food service? 
3. Do you have any concerns about consuming food or using water anywhere at any time on 
the island?  
4. Are you concerned about the health of visitors to the islands in line food or water that they 
use? 
5. What do you find as the main concerns about food safety and health on the island? 
6. What segment or commodities would you be most concerned about? 
7. What recommendations do you think might help address food safety in these segments or 
commodities? 
8. How is safety ensured or maintained at the restaurant level? (If inspections are done, 
elaborate on who does the inspection, their areas of interest, what happens to noncompliant 
cases)? 
9. Have there been any food borne illness outbreaks experienced on the island? (Get details: 
how was it recognized, causes, pathogen, and how was it resolved ---)  
10. What are the water sources are used by for the food service establishments? 
11. How is water quality maintained on the island? 








Food safety needs assessment for food handlers  
US. Virgin Islands 
Summer 2018  




1. What meals (dishes/ foods) do you prepare or sell?  (Watch out for pre-processed and freshly 
prepared dishes, seafood meat dishes and vegetables ) 
2. Where do you prepare the foods from? (Some may be prepared at home, or on the site.) 
3. How do you cater for customers with diet restrictions (allergies) for example lactose intolerant 
or celiac? 
4. If food remains at the end of the day, what do you do with it? (If they reheat the food, how long 
do they wait for it to cool before they keep it? Where do they keep it and at what temperature?  
5. Who are your suppliers? Are there any requirements that you want them to meet? What 
procedures do you follow when the supplies at delivery of supplies? Mention any challenges 
with quality of any supplies received. 
6. How do you store food ingredients (raw meats, fruits and vegetables, storage temperature)? 
 
Cleaning  
7. Describe how you clean utensils? (What materials do they use, how do they dry them, 
storage). 
8. Describe how you clean the tables, floors and other surfaces at the facility/ establishment. 
(What do they use, how often do they clean).  
9. How do you dispose of garbage / rubbish from the kitchen? 
10. Hand washing: Are there any steps you take when washing hands? (If yes explain. How do they 
dry hands?). When (under what occasions) do you wash your hands? What items of materials 
are used when washing hands?  
 
Employees  
11. What do you require of your workers before you hire them? 
12. Do you take them through any trainings? What are the trainings about? How often are they 
trained  
13. What do you need them to do to ensure the food is safe during operation or handling food? 
14. What happens when any of them falls sick? 
 
Food defense  
15. Who has access to the kitchen, food storage areas, and chemical storage? 
16. How do you secure the facility after working hours? 
Challenges in serving safe food 
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17. What do you think or what do you find are the challenges experienced by restaurants in general 
when preparing and serving food to their customers? 
Recommendations 







Facility Code ___________    Date of Observation ______________________________ 
SECTION 1.  Interview with Person in Charge 
 Yes No N/A 
Does person in charge know who to contact in event of an 
emergency? 
   
Is emergency contact information posted so that all 
employees have access? 
   
Are employment applications required?    
Are employee backgrounds checked?    
Are deliveries verified against purchase order?    
Is there a policy limiting access to the kitchen areas?    
Who has keys (access) to 
Kitchen: 
 Storage Areas: 
 Chemical Storage: 
How is kitchen areas secured after hours of operation? 
Who maintains invoices and for how long? 
 
Observation Notes: 
SECTION 2.  Observation of Practices 
 Yes No N/A 
Are employees allowed to bring personal items into kitchen?    
Are foods purchased from reputable vendors?    
Are external doors locked?    
Are storage areas easily accessible by non-foodservice 
employees? 
   
Are chemicals kept in a locked storage area?    
Can all storage areas be locked?    
 
Observation Notes
Assessment of Food Defense 
Mitigating Contamination in Foodservice 








General Food Flow Observation Collection Form 
Mitigating Contamination in Retail Foodservice 
US Virgin Islands 
 











⁯ Food stored on floor. 
⁯ Raw and prepared food stored in same refrigerated unit. 
⁯ Raw products placed on shelves over prepared or ready-to-eat products. 
⁯ Food items stacked. 
⁯ Food stored without adequate covering/wrapping. 
⁯ Food stored in area where it could be contaminated (broken ceiling tiles over, etc.) 
⁯ Storage areas accessible to non-foodservice employees. 




 ⁯ Packaging placed on countertops (tomato boxes, etc.) 
⁯ Multiple items prepared on same cutting board without sanitizing between. 
⁯ Eating at work station. 
⁯ Same gloves used for multiple tasks. 
⁯ Handwashing not done. 
⁯ Handwashing not done properly. 
⁯ Refrigerator or freezer handles touched without washing hands afterwards. 
⁯ Fruits and vegetables not washed in preparation. 
⁯ Towels (not single use) used for drying surfaces. 
⁯ Towels used for wiping multiple surfaces. 
⁯ Sink used for other purposes used for washing fruits and vegetables that would not be cooked. 
⁯ Slicer used for multiple products without sanitizing between. 
⁯ Hands not washed before donning gloves. 
⁯ Utensils not sanitized between uses. 
⁯ Cans not washed off before opening. 
⁯ Items placed in refrigerator after preparation without adequate coverings. 
















⁯ Did not sanitize food thermometer between use with different foods. 
⁯ No sanitizing of food contact surfaces. 
⁯ Gloves not changed as needed. 




⁯ Food transported uncovered. 




⁯ Ready-to-eat foods served with ungloved hands. 
⁯ Gloves not changed when needed. 
⁯ Self-service done by customers. 
⁯ Tables not sanitized. 
⁯ Ice scoop handle in ice. 
⁯ Inadequate handwashing by employees. 
⁯ Sanitizing of work surfaces for preparation at service not done. 
⁯ Food product boxes or wrappings on food contact surface. 
⁯ Ice or food not covered. 




⁯ Sanitizing of work surfaces not done. 
⁯ Handwashing between handling dirty and clean dishes not done. 
⁯ Hot water sanitizers not hot enough. 
⁯ Hot water temperature not checked. 
⁯ Corrective actions were not taken when temperature too low for sanitizing. 
⁯ Sanitizing solutions at too low a concentration. 
⁯ Sanitizing solutions at too high a concentration. 
⁯ Sanitizing solution concentration not checked. 
⁯ Corrective actions were not taken when sanitizing solution concentration incorrect. 
⁯ Sanitizing buckets not changed frequently. 




Food safety needs assessment for produce growers 
U.S. Virgin Islands 
Summer 2018 
Demographics 
1. What are some of the produce grown on the farm? (Examples of fruits (______) and 
vegetables (_______).  
2. What is the approximate farm size?  
3. How many people work on the farm? 
Water use on the farm  
4. What are your water sources on the farm? 
5. What do you use the water for? (if used to clean produce, is there anything added to the 
water) 
6. How do you maintain the quality of your water? 
7. How often is the water tested, and what tests are done? 
Soil amendment techniques   
8. How do you maintain or improve soil fertility? (Ask if animal, chicken manure is used 
either independently or in compost. 
9. If animal manure is used, how and when is it applied in the garden? 
10. If compost is used, is it purchased from else, or is it made on the farm? 
11. If purchased, do you keep records of the source, and how it was treated? 
12. If made on the farm describe the process of compost making, (materials used, length of 
time for it to be ready, the highest temperature it gets to, how is it treated, how is it stored? 
13. How and when is the compost applied in the garden? At what stage of the plant is the 
manure or compost applied? 
Pest, disease and weed control 
14. How do you control pests, and diseases on the farm? Examples of pesticides and 
herbicides if used on the farm. After application, how long do you wait before you harvest? 
15. How do you control weeds on the farm? If herbicides are used, give examples and after 
how long do you wait before harvesting produce? 
Wild and domestic animals 
16. Do you have a challenge of animals and birds going into your farm? 
17. How do you prevent animals and birds from going into the field/ farm?  
Harvesting and postharvest handling  
18. Would you briefly explain how you harvest produce from the farm?  
a) What equipment or tools used,  
b) What containers are used during harvest?  
c) How is produce transported from the farm?  
d) What hygiene and sanitation practices are followed during harvesting? 
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e) How is produce cleaned?  
f) How are containers and tools cleaned?  
g) What do you do with produce found having insects, insect bites, eggs, animal or 
chicken droppings 
h) How is produce stored, for how long?  
i) How is produce packaged for sell (containers, labelling)? 
19. Do workers go through any trainings related to safety of produce on the farm (Pre-harvest 
and postharvest handling). 
20. How do you ensure hygiene and health on the farm? (procedures or expectations for 
workers, visitors,  
21. As a farmer what concerns do you have about safety of produce on farms? 
Value added products 
22. What value added products are made on the farm? If no processed products, close the 
interview. 
23. Describe how these products are made? 
a) What raw materials are used? 
b) How are they processed into the product? 
c) Source of water used in processing? 
d) What type of packaging material do you use? 
e) What is the source of the packaging material? 
f) How is packaging cleaned before packing the product? 
g) How is the product labelled? 
24. How are products stored? 
25. How are the products distributed? 













APPENDIX B.    TOOLS FOR EVALUATING FOOD SAFETY EDUCATION 
MATERIALS 
 
Evaluating food safety education materials for food handlers 
You are provided with 4 posters, 3 signs and 1 flip chart. These are proposed food safety 
education or training materials for food handlers in the U.S. Virgin Islands. The materials 
address personal hygiene, temperature control of food, cross-contamination and cleaning and 
sanitation at restaurants and roadside food vending businesses.  
In the table provided, kindly give your opinion about how well the materials as a whole meet the 
given criteria, using a scale of 1 to 5, where 5 is totally met, and 1 is not met all. 
 Specific criteria 1 2 3 4 5 
1 Do materials fully present specific themes?      
2 Is the content or message easily understood?      
3 Do the illustrations clarify or complement the written parts?      
4 Are the size of letters easy to read?      
5 Do materials provide a synopsis of the message or content?      
6 Do materials have aspects that emphasize important ideas such as 
type, size, style or color of certain parts? 
     
7 Are the writing style grammar, and punctuation appropriate for the 
audience? 
     
8 Do materials avoid information overload or too much writing in one 
place? 
     
9 Do materials use language easily understood by the target audience?      
 Total:        
 
Please answer the following questions  
 Question  Yes  No  
1  Do materials meet the educational level, cultural, geographic and socio-
economic characteristics of the target population? 
  
2 Has care been given to ensure that materials does not offend community 
traditions? 
  
3 Do materials represent everyday situations?   
4 Would you use the education materials as they are?   
5 Do materials need revision or improvement before being used?   
  





Evaluating food safety education materials for produce growers 
You are provided 1 flip chart, 1 brochure and 2 posters. These are proposed food safety 
education or training materials for produce growers in the U.S. Virgin Islands. The materials 
address hygiene and health of workers, sanitation and water quality on produce farms. 
In the table provided, kindly give your opinion about how well the materials as a whole meet the 
given criteria, using a scale of 1 to 5, where 5 is totally met, and 1 is not met all. 
 Specific criteria 1 2 3 4 5 
1 Do materials fully present specific themes?      
2 Is the content or message easily understood?      
3 Do the illustrations clarify or complement the written parts?      
4 Are the size of letters easy to read?      
5 Do materials provide a synopsis of the message or content?      
6 Do materials have aspects that emphasize important ideas such as type, 
size, style or color of certain parts? 
     
7 Are the writing style grammar, and punctuation appropriate for the 
audience? 
     
8 Do materials avoid information overload or too much writing in one 
place? 
     
9 Do materials use language easily understood by the target audience?      
 Total:        
 
Please answer the following questions  
 Question  Yes  No  
1  Do materials meet the educational level, cultural, geographic and socio-
economic characteristics of the target population? 
  
2 Has care been given to ensure that materials does not offend community 
traditions? 
  
3 Do materials represent everyday situations?   
4 Would you use the education materials as they are?   
5 Do materials need revision or improvement before being used?   
  




APPENDIX C.    TOOLS FOR ASSESSING THE IMPACT OF FOOD SAFETY 
EDUCATION MATERIALS ON FOOD AND PRODUCE HANDLING AND 
GROWING PRACTICES 
Impact of Food Safety Education Intervention on Food Handling Practices in Retail Food 




1. Which food safety education materials did you receive (flip chart, posters, signs)? 
__________________________________________________________________. 
Use 
2. How did you use the materials? (e.g, posted them of walls, trained, did not use them, ..) 
_______________________________________________________________________. 
3. How many food employees did you train using these materials? 
______________________________________________________________________. 
4. How often did you train? (e.g. once, they were posted on the wall, …) 
_________________________________________________________________. 
Changes since education materials were received. 
5. What changes have you witnessed by your employees related to personal hygiene? 
(Behavioral changes such as hand washing, jewelry use, finger nails, clothing, etc.) 
__________________________________________________________________. 
6. What changes have you witnessed by your employees related to temperature control of 
food while handling, prepping, cooking, and storage of food? (Behavioral changes such 
as timely storage of food at delivery, thermometer use while cooking, thawing, reheating 
leftover food, etc.)  
___________________________________________________________________. 
7. What changes have you witnessed by your employees related to preventing cross-
contamination while handling food? (Behavioral changes such as use of cutting boards, 
food storage in a refrigerator, glove use, serving customers etc)  
_________________________________________________________________. 
8. What changes have you witnessed by your employees related to cleaning? (Behavioral 
changes such as cleaning of utensils, food contact surfaces, floors, ice machine, etc.) 
_______________________________________________________________________. 
Contributing factors, challenges and improvement suggestions 
9. What factors do you think contributed to these changes in food handling practices? 
______________________________________________________________________. 








12. How many years of experience do you have working in food service industry? 
______________ 
13. For how long have you worked at this restaurant (years)? 
_______________________________ 
14. Had you received any type of food safety training before this project?  Yes/  No 





Impact of Food Safety Education Intervention on Produce Growing and Handling 




1. Which food safety education materials did you receive (flip chart, posters, brochures)? 
____________________________________________________________________. 
Use 
1. How did you use the materials? (e.g, posted them of walls, trained, did not use them, ..) 
_____________________________________________________________________ 
2. How many employees do you have at the farm and how many did you train using 
materials? 
______________________________________________________________________. 
3. How often did you train? (e.g. once, they were posted on the wall, …) 
_______________________________________________________________________ 
Changes since education materials were received 
4. What changes have you witnessed by your employees related to personal hygiene and 
health of workers and visitors? (Behavioral changes such as handwashing, clothing, sick 




5. What changes have you witnessed by your employees related to cleaning? (Behavioral 
changes such as cleaning harvesting containers, food contact surfaces, tools, harvested 
produce)?  
____________________________________________________________________. 
6. What changes have you witnessed by your employees or put in place related to water 
quality (changes regarding water source, water treatment, irrigation method, water 
testing)? 
_______________________________________________________________________. 
7. What changes have you put in place regarding use of biological soil amendments of 
animal origin from the time you received these education materials? (Manure use, 
monitored composting, compost storage, application method and time). 
______________________________________________________________________. 
8. What have you done to minimize wild and domestic animal access to produce fields? 
______________________________________________________________________. 
Contributing factors, challenges and improvement suggestions 
9. What factors do you think contributed to these changes in fresh produce growing and 
handling practices on your farm? 
______________________________________________________________________ 
10. What challenges did you find while using the food safety education materials? 
_____________________________________________________________________. 










APPENDIX D.    IRB APPROVAL FORMS 
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